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This thesis is concerned with the synthesis of various 
bridgehead-fused 1,2,3-triazole derivatives by diazotative 
cyclisation of 1-substituted 5-amino-1H-1, 2, 3-triazoles 
and the examination of the properties and chemical 
reactivity of such bridgehead-fused heterocycles. 
Intramolecular cyclisation of the diazonium salts 
derived from 5-amino-l-aryl-lH-1, 2, 3-triazoles gave 
1,2,3-triazolobenzo-1,2,4-triazine derivatives which were 
found to exist either as discrete angular or linear 
isomeric forms or as inseparable mixtures of both. The 
influence of electron-donating and electron-withdrawing 
substituents at different sites in the 1,2,3-
triazolobenzo-1,2,4-triazine ring system on the relative 
stability of the angular and linear isomeric forms was 
studied. It was shown that both the type and the location 
of substituents on the 1,2,3-triazolobenzo-1,2,4-triazjne 
nucleus determines which isomeric form is the more stable. 
In addition, the acid catalysed triazole scission of the 
triazolobenzo-1,2,4-triazine ring system was investigated 
and was found to provide a practical method for the 
synthesis of usefully functionalised benzo-1,2,4-triazine 
derivatives. 
The ability of 5-ainino-l-arylmethyl-1H-1, 2, 3-triazole 
derivatives to undergo novel diazotative deaminative 
cyclisation reactions to afford 1,2,3-triazolo[5,1-a] 
(vi) 
isoindolenines was also studied. 	The mechanism of this 
novel type of deaminative cyclisation reaction was 
investigated and the results obtained suggest the 
involvement of previously undescribed 1,2,3-triazolyl 
cation species. Attempts to induce the acid-catalysed 
triazole scission of 1,2,3-triazolo[5,1-a]isoindolenine 
derivatives led to the formation of intractable materials 
presumably derived from the polymerisation of the 
isoindolenine cleavage products. 
It was found that the diazotisation of 5-amino-1-
arylmethyl-1H-1, 2, 3-triazole derivatives with arylmethyl 
groups activated by powerful electron-donating 
substituents, such as a methoxyl, resulted in 
cyclisation to afford derivatives of the novel 1,2,3-
triazoio[5,1-c]benzo-1,2,4-triazepine ring system. It was 
also found that such 1,2,3-triazolo[5,1-c]benzo-1,2,4-
triazepine derivatives showed a tendency to undergo 
base-catalysed tautomerism leading to loss of the 
aromaticity due to the benzene ring. In addition, the 
acid-catalysed triazole scission of triazolobenzo-1,2,4-
triazepine derivatives was studied and shown to be 
disfavoured. 
The scope of the diazotative deaminative cyclisation 
reactions of various 5-amino-l-aryl-lH-1, 2, 3-triazole 
derivatives was investigated and shown to provide 
practical methods for the synthesis of bridgehead-
fused 1,2,3-triazolobenzoisoquinoline and 1,2,3- 
(vii) 
tria zolophenanthridine derivatives.. 	The acid-catalysed 
triazole 	scission 	of 	1,2,3-triazolophenanthridine 
derivatives was demonstrated to provide a viable route to 
usefully functionalised phenanthridine derivatives. 	In 
contrast 	1, 2, 3-triazolobenzoisoquinoline 	derivatives 
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Bridgehead-fused 1,2,3-triazole derivatives have been 
described in the literature since 1924. 1 However, it was 
not until the 1960's that flexible methods for their 
synthesis began to be devised. With the greater 
accessibility of bridgehead-fused 1,2, 3-triazole 
derivatives from the 1960's onwards, the reactivity of 
such heterocycles began to attract increasing interest. 
However, the methods for the synthesis of bridgehead-fused 
1,2,3-triazoles available at the outset of the present 
studies were not without drawbacks. Therefore, it was of 
interest to develop alternative strategies for the 
synthesis of such heterocycles. In addition, although the 
reactivity of bridgehead-fused 1,2,3-triazole derivatives 
had been the subject of several previous studies, a great 
deal about the chemical reactivity of such heterocycles 
remained to be uncovered. 
The following thesis is concerned with the development 
of new general methods for the synthesis of 
bridgehead-fused 1,2,3-triazole derivatives and the 
investigation of the reactivity of such heterocycles. By 
way of introduction, Chapter 1 provides a survey of 
existing synthetic methods for the synthesis of 
bridgehead-fused 1,2,3-triazole derivatives reported in 
the literature to date and a review of the known 
reactivity of such heterocycles. This is followed in 
Chapters 2 to 4 by an account of the results obtained in 
the present studies. 
Chapter 3. 
Introduction: A Survey of the Synthesis and Reactivity 
of Bridgehead-fused 1,23-Triazole Derivatives 








A SURVEY OF THE SYNTHESIS AND REACTIVITY OF 
BRIDGEHEAD-FUSED 1,2, 3-TRIAZOLE DERIVATIVES 
1.1 INTRODUCTION 
The first example of a bridgehead-fused 1,2,3-triazole 
derivative (Scheme 1) appears to have been prepared 
by demo, Perkin and Robinson' in 1924, when it 
was found that diazotisation of the aminoacridone 
(2) resulted in cyclisation to afford the 6H-1,2,3-
triazolo[4,5-1,m,n]acridin-6-one (4). Until the late 
1950 1 s, reports of the synthesis of bridgehead-fused 
1,2,3-triazole derivatives were sporadic, 2 and all 
utilised the synthetic strategy employed by Robinson and 
his co-workers' (Scheme 1), whereby a primary aromatic 
amine was diazotised and the resulting diazonium cation 
was captured by an adjacent nitrogen atom. From around 
1957 onwards, more flexible strategies for the preparation 
of bridgehead-fused 1,2,3-triazoles began to be developed 
and the subsequent increase in the availability of such 
heterocyclic compounds prompted an examination of their 
reactivity. - 
The major synthetic strategies employed in the 
preparation of bridgehead-fused 1,2,3-triazole derivatives 
will now be discussed. Such heterocyclic compounds can 
exhibit heterolytic and homolytic reactivity and both of 
these distinct types of triazole cleavage reactions will 
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1.2.1 	Synthesis Based on Cyclisatjon Reactions of 
Diazo Derivatives 
As discussed before, the earliest example of a 
bridgehead-fused 1,2,3-triazole derivative was described 
by Robinson et all in 1924. The Robinson synthesis 
involved diazotative capture by a heterocyclic nitrogen 
atom (3 to the diazo-substituent and this synthetic 
strategy was used in all the early work leading to 
bridgehead-fused 1,2,3-triazoles 	and continued to be 
utilised until comparatively recently. 	In 1972, El'tsov 
et a1 1 ° (Scheme 2) showed that diazotisation of 
8-aminoquinoline (5) resulted in the capture of the 
diazonium intermediate (6) by the heterocyclic nitrogen 
atom to afford the triazole cation (7). Subsequent 
reaction of this species with water gave 
4-hydroxy-4H-1,2,3-triazolo[4,5,1-i,j]quinoline (8) which 
could be oxidised by potassium permanganate to 
give 4H-1,2,3-triazolo[4,5,1-i,j]quinolin-4-one (9) or 
isomerised with baseto the acrolein derivative (10). 
The ring-opening of the triazoloquinoline (8) to the 
acrolein derivative (10) is somewhat similar to a reaction 
described several years earlier by Jones and his 
co-workers'' (Scheme 3). These authors showed that 
diazotisation of the aminoquinolizium salt (11) was 
accompanied by solvolysis of the resulting dicatiOn 
species (12) to give a vinylic diazoniuni intermediate (13) 
which could subsequently undergo carbon-carbon bond 
ill 

















rotation and ketonisation to afford the triazolopyridine 
(15). A precedent for this type of rearrangements has 
been described by Konig et a1 12 who showed that 
diazotisation of 3-aminopyridinium cations results in 
solvolysis and ring-opening to yield triazolo-acrolein 
derivatives. This arrangement has been used 13 in the 
preparation (Scheme 4) of the bridgehead-fused 1,2,3-
triazolothiazolidine (17) which was formed by 
diazotisation of the aminothiazolidinopyridine (16). 	It 










cation 	(19) can also be trapped by 	a 	non- 
heterocyclic nitrogen atom. The resulting benzotriazole 
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(20) 	subsequently 	underwent 	ring 	closure 
to afford the bridgehead-fused 4,5-dihydro-7H-1,2,3-
triazolo[4,5, l-j ,k]benz-4-oxazepine (21). 	Attempts to 
extend this strategy by trapping the diazonium 
intermediate formed by diazotisation of an exocyclic 
primary alkylamine have met with only mixed success. It 
has been shownhs (Scheme 6) that diazotisation of 
3-(a-amino-a-ethoxycarbonyl)methylquinoxalin-2 (1H) -one 
(22), resulted in cyclisation to afford the 1,2,3-
triazolo[1,5-a]quinoxalin-4(5H)-one 	derivative 	(25). 
Earlier attempts 16 (Scheme 7) to effect the diazotative 
cyclisation 	of 	2-aminomethylpyridine 	(26) 	proved 
unsuccessful. It has been suggested 16 that diazotisation 
of 2-aminomethylpyridine (26) resulted in extrusion of 
molecular nitrogen more rapidly than a proton could be 
lost and thus the highly reactive cation intermediate (29) 
was formed instead of the triazolopyridine (28). 	In 
contrast, diazotisation of the aminomethyiquinoxaline (22) 
would result in the formation of a diazonium intermediate 
which, due to electron withdrawal by the adjacent ester 
group, would rapidly lose a •proton to form the relatively 
stable betaine (24) which would then cyclise to the 
triazoloquinoxaline (25) in preference to extrusion of 
molecular nitrogen. 
Up until the late 1950 1 s, bridgehead-fused 1,2,3-
triazole derivatives were prepared using the strategy 
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8 
Boyer et al 1 6, 7 and 	Bower and Ramage 1 8 reported 
simultaneously (Scheme 8), that treatment of the aldehyde 
(30) with hydrazine resulted in the formation of the 
hydrazone (31), which could be oxidised to the diazo 
intermediate (32). This intermediate could not be 
isolated due to 	its 	rapid cyclisation 	to the 
bridgehead-fused triazolopyridine (33). This strategy, 
whereby a hydrazone substituent 3 to a heterocyclic 
nitrogen atom is oxidised to a diazo intermediate, 
has been used to prepare a variety of bridgehead-
fused 1,2,3-triazole derivatives. The 1,2,3- 
triazolo[1,5-a]quinoline (34), 1,2,3-triazolo[1,5-a] 
pyrazine (35), 1,2,3-triazolo[1,5-a]pyrirnidine (36) and 
1,2,3-triazolo[1,5-b]pyridazine (37) ring systems have all 
been prepared1 6, 17, 1 9, 20 by condensation of the 
corresponding aldehyde with hydrazine and subsequent 
oxidation of the resulting hydrazone. 
(34) 







A related method for the generation of diazo 
intermediates suitable for the synthesis of 
bridgehead-fused 1,2,3-triazole derivatives has been 
reported by Boyer and Goebel. 12 These authors 
demonstrated that reaction of the dipyridyiglyoxal (38) 
with tosyihydrazine followed by treatment of the resulting 
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(ii) ArS02N3 . 
Scheme 11 
10 
triazolo[1,5-a]pyridine derivative (42). This strategy of 
base-catalysed decomposition of tosyihydrazones to produce 
a diazo species in a position 0 to a heterocyclic nitrogen 
atom has been used by several groups of workers2 124 in 
the synthesis of bridgehead-fused 1,2,3-triazole 
derivatives. For example (Scheme 10), Vogel 
and Lippmann 25 have recently prepared the 1,2,3-
triazolo[1,5-a]-1,2,3-triazolo[5,1-c]-quinoxaline (45) by 
treatment of the bis-tosyihydrazone (44) with sodium 
ethoxide. 
In the early 1960's, Regitz 26 discovered that 
suiphonyl azides could be used to transfer a diazo group 
to activated methylene centres. The mechanism of this 
reaction (Scheme 11) is believed to involve attack on the 
azide (48) by the anion (47) to form the triazoline 
intermediate (50) which can ring-open and then eliminate 
sulphonamide ion to generate the diazo species (52) 
Regitz 22 has employed this strategy of diazo transfer to 
generate (Scheme 12) the diazo intermediates (54) and 
(57) which immediately cyclised to afford the 1,2,3-
triazolo[1,5-a]pyridine (55) and 1,2,3-triazolo 
[1,5-a]quinoline (58) ring systems respectively. Further 
examples of the application of diazo transfer in the 
synthesis of bridgehead-fused 1,2,3-triazoles have been 
described by Abramovitch and Takaya 28 (Scheme 13). These 
authors observed that 2-methylquinoline (59) reacted with 
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Scheme 13 
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betaine 	(60), 	to give 	1,2,3-triazolo[1,5-a]quinoline 
(61). 	They also reported the similar preparation of 
1,2,3-triazolo[5,1-a]isoquinoline 	(63) 	and 	1,2,3- 
triazolo[1,5-f]phenanthridine 	(65) 	from 	1-methyl- 
isoquinoline (62) and 6-methyiphenanthridine (64) 
respectively. It was also found by these authors (Scheme 
14) that 2-methylpyridine (66) reacts with tosyl azide to 
afford the pyridinium ylide (68) rather than the 
triazolopyridine (69). It has been suggested 28 that the 
protons of a methyl group a to the nitrogen atom of 
pyridine are less acidic than those attached to a methyl 
group a to the nitrogen atom of a benzopyridine derivative 
such as (59), (62) and (64). consequently, formation of 
the betaine (67) and subsequent reaction of the methyl 
group with tosyl azide are inhibited. 
A novel procedure for the generation of diazo-
intermediates involved in the formation of 
bridgehead-fused 1,2,3-triazole derivatives has been 
described by Wentrup. 29 This author found (Scheme 15) 
that hydrazoic acid reacted with 2-cyanopyridine (70) to 
form the tetrazole (71). Subsequent thermolysis of this 
heterocycle resulted in the extrusion of molecular 
nitrogen to afford a diazo species (72) which underwent 
immediate cyclisation to yield 1,2,3-triazolo[1,5-a]-
pyridine (73). 
12 
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1.2.2 	Syntheses Based on Cycloaddition Reactions of 
Azide Derivatives 
The ability of azides to behave as 1,3-dipoles in 
thermal cycloaddition reactions was first demonstrated by 
Michael° in 1893. However, it was not until the studies 
by Huisgen and his co-workers 31 in the 1960's that the 
general concept and wide scope of 1,3-dipolar 
cycloaddition reactions was recognised. The capacity of 
azides to undergo intermolecular cycloaddition reactions 
13 
has been widely reported and is one of the most common 
methods of synthesising 1,2,3-triazoles. 32 Such compounds 
can then react intermolecularly or intramolecularly to 
form bridgehead-fused 1,2,3-triazole derivatives and this 
strategy for the preparation of the latter will be 
discussed in Section 1.2.3. In contrast to the numerous 
literature reports of azides undergoing intermolecular 
cycloaddition reactions, there are comparatively few 
examples of the corresponding intramolecular processes. 
However, in recent years, the high stereospecificity and 
regioselectivity of reactions involving the intramolecular 
1,3-dipolar cycloaddition of azides has begun to be 
recognised and this process is now relatively well known. 
The first example of the formation of a 
bridgehead-fused 1,2,3-triazole derivative involving an 
intramolecular 1,3-dipolar cycloaddition appears to have 
been reported simultaneously by Zecchi and his 
co-workers 33 ' 34 and Inabe et a1 35 in 1976. Zecchi and his 
co-workers 33 have shown (Scheme 16) that heating of the 
readily prepared azides (74) and (76) under ref lux in 
benzene resulted in cyclisation to afford 4H-1,2,3-
triazolo[5,1-c]benzo-1,2,4-thiazine (75) and 1,2,3-
triazolo[5,1-b]benzothiazole (77) respectively. This same 
group have shown 34 (Scheme 17) that the ortho- 
azidophenyipropargyl 	ethers 	(78) 	also 	undergo 
cycloaddition to yield the corresponding 4H-1,2,3- 
triazolo[5,1-c]benz-1,4-oxazine derivatives (79). 	More 
N-- 
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recently, Pearson 36 has employed the strategy of 
intramolecular azide cycloaddition (Scheme 18) to prepare 
the triazolo-azetjdjno-jmjdazole (83) which has been found 
to exhibit anti -3-lactamase activity. Starting from the 
readily available 4-thiomethylazetidin-2--one (80), the 
azide (81) was prepared in two steps and then reacted with 
the appropriate propargyl halide to give the azido-alkyne 
(82) which readily cyclised in refluxing toluene. The 
azido- alkyne (84) was prepared 36 in a similar manner by 
modification of the synthetic methodology and was also 
found to undergo rapid cyclisation on heating. 
1.2.3 	Syntheses Based on Cyclisation Reactions of 
Preformed 1H-1, 2, 3-Triazole Derivatives 
The 	ability 	of 	1H-1,2,3-triazoles 	to 	undergo 
cyclisation reactions to give bridgehead-fused 1,2,3-
triazole derivatives was first noted by Lieber et a1 37 in 
1957 (Scheme 19), while attempting to prepare 5-amino-1-
( 2-nitrophenyl) - 4 -phenyl_1H_1,2,3_trjazo (87) by base-
catalysed condensation of 2-nitrophenyl azide (86) with 
benzyl cyanide. However, it was found that the reaction 
product had an elemental analysis corresponding to 
the aminotriazole (87), less one molecule of water, 
and was tentatively assigned the 3-phenyl-1,2,3-
triazolo[5,1 -c]benzo-1,2,4_trjazine 5-N-oxide structure 
(88). The alternative isomeric 1-phenyl-1,2,3-

















(89) which could be formed by a Dimroth 8 rearrangement of 
the fused triazole (88) was ruled out on the basis 
of chemical evidence. 39 The angular structure 
(88) was firmly assigned 39 by reduction of the 
triazolobenzotriazine nucleus to a dihydro species which 
was acetylated and cleaved to a benzo-1,2,4-triazine 
derivative of established structure. However, the 
possibility that acetylation was accompanied by Diinroth 
rearrangement means that the formation of the linear 
isomer (89) cannot be excluded. 
The condensation of an amino group on a triazole ring, 
with an ortho substituent of an aryl ring attached to the 
triazole, has been well documented 40 for ortho nitro 
groups and the cyclisation principle involved has been 
extended by Tennant and his co-workers 41 ' 42 for the 
synthesis (Scheme 20) of the triazoloquinazoline 
derivatives (92) and (96). The angular isomers (92) and 
were assigned 41'42 on the basis of rigorous chemical 
evidence, 	however, 	the 	possibility 	that 	Dimroth 
rearrangement was occurring concurrently with the chemical 
degradation techniques used to assign the structures, 
means that the formation of the linear isomers (93) and 
cannot be excluded. 	The condensation of 
2-azidobenzoic acid () and 2-cyanophenylazide (94) with 
benzyl 	cyanide to afford the triazoloquinazoline 
derivatives [(92)=)93)] and {(96)=(97)] respectively 
illustrates the scope of this reaction. The preparation 
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of the triazoloquinazoline derivatives [(92)==(93)] and 
[(96)=(97)] also demonstrates the utility of ortho 
substituents other than the nitro group in this aldol type 
condensation. This type of strategy has been used by 
Westerlund 43 (Scheme 21) in an attempt to prepare the 
triazolothienopyrimidine derivatives (100) and (104). It 
was reported 43 that the acid-catalysed cyclisation of the 
aminotriazole (99) and the base-catalysed condensation of 
the azide (102) with activated acetonitrile derivatives 
afforded the angular triazolothienopyrimidines (100) and 
(104) exclusively although no evidence was presented to 
support these structural assignments. The author has 
proposed 43 that the linear isomers (101) and (105) would 
be thermodynamically disfavoured relative to the angular 
isomers (100) and (104) due to the ortho-quinonoid 
arrangement inherent in the former structures, however, 
some of the results discussed later in this thesis cast 
doubt on this suggestion. In addition it was suggested 43 
that as all the examples of triazoloquinazoline 
derivatives prepared by Tennant et a1 41 1 42 were shown by 
chemical degradation to exist as the angular isomers, it 
was likely that the angular triazolothienopyrimidine 
derivatives (100) and (104) had also been formed. 
However, for the reasons discussed previously, chemical 
degradation is not a reliable method for the structural 
assignment of these types of bridgehead-fused 
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and his co-workers were correct in their assignments, 41, 4 2 
the structure of triazoloquinazolines is not necessarily 
related to the structure of triazolothienopyrimidine 
derivatives. Similar work by Khan and Freitas (Scheme 













(i) RCH2CN.NaOMe,reflux. 	 (R = CO2 Et or CON H 2) 
Scheme 22 
with activated acetonitrile derivatives to give products 
which were assigned the angular triazolo-pyrazolo-
pyrimidine structure (107) However these authors 
presented no evidence to support their structural 
N3 
CX 
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CO(CH2CO2Et),NaOEt or Amberlite IRA-400(OH).20. 
H2,Pd/C,EtOH,20 
18 
assignment and the alternative linear structure (108) does 
not appear to have been considered. More recently 45 
(Scheme 23), the 1,2,3-triazolo[1,5--a]quinoline (111) and 
the 1,2,3-triazolo[1,5-a]benz-1,5-diazepin-4-one (114) 
were prepared using this type of strategy. 
The ability of heterocycles containing an amino group 
c to a ring NH group to condense with j3-keto esters and 
0-diketones was first reported by Birr 46 in 1952 and has 
been widely used in the synthesis of bridgehead-fused 
1,2,4-triazolopyrimidine derivatives as exemplified by the 
work of Williams 47 (Scheme 24). In the late 1960's, 
Tennant and his co-workers 4850 exploited this strategy to 
prepare and study 1,2,3-triazolopyrimidine derivatives. 
These authors have demonstrated (Scheme 25) the ease with 
which the readily available 4-amino-1,2,3-triazoles (118) 
condense with 3-dicarbonyl compounds to yield the 
1,2,3-triazolopyrimidines [(119)-(121)]. The thermal 
conversion of the triazolopyrimidine (120) into its isomer 
(121) and its reformation from the latter by heating in 
ethanolic piperidine was also demonstrated.° This 
appears to be the first reported example of a Dimroth-type 
rearrangement in a bridgehead-fused 1,2,3-triazole. 
It has been shown 51 (Scheme 26) that diazotisatjon of 
the 4-amino-1,2,3-triazole (124) results in the formation 
of the diazonium intermediate (125) which can couple with 
3-dicarbonyl and 3-ketonitrile compounds to afford 
1,2,3-triazolo-1,2,4-trjazine derivatives. The products 
19 
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(I) CH3COCH 2COCH3 ,piperidine,EtOH,reflux. 
(ii) CH3COCH 2CO3 Et,piperidine,EtOH,reflux. 
Me 
(121) 
(R=Ph or CON H 2 ) 
Scheme 25 
from these reactions were assigned the 1,2,3-triazolo-
[5,1-c]-1,2,4-trjazjne structures (122) and (126) on the 
basis of chemical evidence and therefore the formation of 
the isomeric 1,2,3-triazolo[1,5-b]-1,2,4-trjazjne 
derivatives (123) and (127) cannot be excluded. This 
strategy of utilising the ability of 5-diazo-1,2,3-
triazoles to undergo coupling reactions in the preparation 





























extended by Ege et al. 52,53 	These authors have found 
(Scheme 27) that the diazonium species (130) couples 
with ynamines and with alkyl or aryl isocyanates to 
give 1,2,3-triazolo-1,2,4-triazine and 1,2,3- 
triazolo[5,1-d]-1,2,3-tetrazine derivatives [e.g. 	(128) 
and (131)] respectively. 	It has been shown 53 by 
spectroscopy that the diazo species (130) coupled with 
isocyanates to afford the triazolotetrazine derivatives 
(131) rather than the alternative Dimroth rearranged 
products (132). However, the authors 52 presented no 
evidence to support their assignment of the 1,2,3-
triazolo[5,1-c]-1,2,4-triazine structure (128) to the 
products of the coupling of the diazo species (130) with 
ynamines and therefore the formation of the isomeric 
1,2,3-triazolo[1,5-b]-1,2,4-triazine derivatives (129) 
cannot be ruled out. 
1.3 REACTIVITY OF BRIDGEHEAD-FUSED 1,2,3-TRIAZOLES 
It is often found (Scheme 28) that bridgehead-fused 
1,2,3-triazole derivatives [e.g. (132)] display the type 
of reactivity expected from' the open chain diazoalkyl 
tautomer (133). As a result, such heterocycles have 
proved of considerable interest as precursors for the 
generation and study of a variety of reactive heterocyclic 
intermediates. In acidic media, heterolytic cleavage of 
the triazole ring of bridgehead-fused 1,2,3-triazoles can 
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formally, from the diazonium cation (134) . 	 485054 
However, in neutral media, homolytic cleavage of the 
triazole ring can be induced by thermolysis or 
photolysis 5558 to afford a carbene intermediate (135) 
which can rearrange to a nitrene (136). The mechanistic 
aspects and synthetic importance of both of these separate 
and distinct types of reactivity will now be discussed. 
1.3.1 	Heterolytic Reactivity 
The 	ability 	of 	bridgehead-fused 	1,2,3-triazole 
derivatives to undergo acid-catalysed triazole cleavage 
has been well documented 3943 , 4850 , 54 , 59 but a definitive 
mechanism for this type of heterocyclic ring scission has 
not yet been established. It has been proposed 50 (Scheme 
29) that treatment of bridgehead-fused 1,2,3-triazole 
derivatives with protic acids results in protonation at 
C-3 to give the diazoniuin cation (141) which then 
undergoes solvolysis to form the cleavage product (143). 
The alternative formation of the cation (141) by 
protonation of the diazo intermediate (138) is excluded 42 
due to the stability of bridgehead-fused 1,2,3-triazole 
derivatives with electron-withdrawing groups at C-3. If 
the diazo intermediate (138) is involved in the cleavage 
reaction, then electron-withdrawal at C-3 should promote 
acid-catalysed triazole scission, by stabilisation of the 
negative charge of the diazo species rather than prevent 
it. On the other hand, electron withdrawal at C-3 would 
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Scheme 30 
22 
destabilise the conjugate acid (140) and thus initial 
protonation would be inhibited and as a result formation 
of the diazonium species (141) would be prevented. 	If 
protonation of the bridgehead-fused 1,2,3-triazole 
derivative occurred at C-3, it is possible that the 
conjugate acid (140) would undergo solvolysis directly 
without the involvement of the diazonium cation (141) due 
to the predicted instability of a cation in such close 
proximity to an electron-withdrawing heterocyclic system. 
However, the finding by Westerlund 6 ° (Scheme 30) that the 
bridgehead-fused 1,2, 3-triazole (144) showed no deuterium 
exchange at C-3 in a solution of concentrated 
deuteriosuiphuric acid suggests that protonation of such 
heterocycles occurs at a position other than C-3. 	The 
stability of the triazolothienopyrimidine (144) 	to 
concentrated deuteriosuiphuric acid has been explained60 
by the low nucleophilicity of hydrosulphate and sulphate 
anions. In contrast, this compound underwent efficient 
triazole cleavage in 30-50% aqueous sulphuric acid due to 
the presence of a greater quantity of water, which is much 
more nucleophilic than hydrosulphate or sulphate anions. 
It has been proposed 6 ° that the triazolothienopyrimidine 
(144) undergoes triazole cleavage due to protonation of 
N-4 and concomitant solvolysis of the intact triazole ring 
to give the anionic species (147), which is then 
protonated. This proposal is supported by the absence of 
a benzylic-type proton due to the diazonium cation (145) 
23 
in the 1 H n.m.r. spectrum of a solution of the triazole 
derivative (144) in concentrated sulphuric acid. However, 
although the absence of such a signal is further evidence 
against protonation at C-3, it does not substantiate the 
authors claim 80 that protonation takes place on N-4 and 
there are two pieces of evidence, which have apparently 
been overlooked, which refute Westerlund's mechanism. 
Firstly, if the mechanism of triazole cleavage involved 
the generation of the anionic species (147), electron 
withdrawal at this position would stabilise the negative 
charge and thus promote scission. However, as it is well 
known 5 ° that electron-withdrawing groups at C-3 prevent 
the acid-catalysed triazole cleavage of bridgehead-fused 
1,2,3-triazole derivatives, it would appear to be unlikely 
that a species such as the anion (147) is generated. 
Secondly it is known 82 that bridgehead-fused 
1,2,3-triazole derivatives without a nitrogen atom at 
position 4 undergo acid-catalysed triazole scission. 
Therefore, it is probable that protonation occurs within 
the triazole ring. 
As protonation of the bridgehead-fused nitrogen atom 
would result in loss of the aromatic delocalisation of the 
triazole ring, the most likely site for initial 
protonation to occur would appear to be N-i. Connolly and 
Tennant 61 ' 63 have suggested (Scheme 29) that 
acid-catalysed cleavage of bridgehead-fused 1,2,3-triazole 
derivatives is due to protonation at N-i and solvolysis of 
H + 	 H. 
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the resulting conjugate acid (139) to afford the azo 
species (142) which can extrude molecular nitrogen to 
afford the scission product (143). This mechanism, which 
is similar to an earlier proposal by Boyer and Wolford, 62 
suggests that the formation of a fully delocalised 
aromatic ring occurs prior to triazole scission. The 
reluctance of bridgehead-fused 1,2,3-triazole derivatives, 
with electron-withdrawing substituents at C-3, to undergo 
acid-catalysed triazole scission is explained by this 
mechanism since the protonated species (139) would be 
destabilised by electron withdrawal and thus initial 
protonation would be inhibited. In addition, the absence 
of any benzylic absorbance in the 1 H n.m.r. spectrum of a 
solution of the triazolothienopyrimidine (144) in 
concentrated sulphuric acid and the failure of the latter 
to show deuterium incorporation can be accounted for by 
the formation of a species analogous to the conjugate acid 
(139) . The argument against this mechanism centres on the 
finding 54 (Scheme 31) that treatment of bridgehead-fused 
1,2,3-triazolopyridine with perchioric acid results in the 
formation of a ring opened diâzo species [i.e. (152)]. It 
has been shown 61 (Scheme 32) that treatment of the 
triazolopyrimidine (155) with boron trifluoride etherate 
results in formation of a complex whose 'C and 1 H n.m.r. 
spectra suggest it is derived by coordination of boron 
trifluoride at a nitrogen atom. The coordination of boron 
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carbon-boron coupling in the 13C n.m.r. spectrum. 	An 
examination of the i.r. spectrum of this complex showed 
diazo absorption which suggests that the complex exists, 
at least partially, as the open chain species (159). As 
cleavage of this complex occurred with nucleophiles such 
as bromide and chloride ions to give identical products to 
those obtained on cleavage of the triazolopyrimidine (155) 
with hydrobromic and hydrochloric acids respectively, it 
is possible that the behaviour of the triazolopyrimidine 
(155) in protic acids is analogous to its behaviour on 
treatment with a Lewis acid such as boron trifluoride. As 
a result, further evidence in support of protonation at 
N-i is provided. However, the existence of at least 
partially equilibration between the open (159) and closed 
{(l56)E—(l57)] chain forms of the boron trifluoride 
complex suggests that protic acid triazole scission may 
involve a mechanism other than that outlined in Scheme 29. 
It has been suggested 61 (Scheme 31) that protonation at 
N-i may result in ring opening to the protonated azo 
species (153) which is converted to the diazo intermediate 
(152) and subsequently to the 'cleavage product (154) with 
extrusion of molecular nitrogen. However, it is difficult 
to reconcile this mechanism with the observation by 
Westerlund 6 ° that the triazolothienopyrimidine (144) 
showed no deuterium exchange in concentrated 
deuteriosuiphuric acid and the absence of any signal due 



















solution of the latter in concentrated sulphuric acid. 
One of the consequence of the diazo character of 
bridgehead-fused 1,2,3-triazole derivatives is the 
existence (Scheme 33) of the tautomeric equilibrium 
{(l63)=(l64)] which can result in the Dimroth 
rearrangement [(163)=(165)]. 	This equilibrium is well 
known for simple amino-1,2,3-triazoles 666 , for 
bridgehead-fused tetrazoles,S7 and has been documented 68 
for 1,2,3-triazolo[5,1-a]pyrimidine derivatives. Although 
the existence of such a tautomeric equilibrium has not 
been established for many bridgehead-fused 1,2,3-triazole 
derivatives, the possibility that Dimroth rearrangement 
has occurred means that many such heterocycles, whose 
structures were established chemically, could be 
incorrectly assigned. 
The acid-catalysed cleavage of the 1,2,3-triazole ring 
of a bridgehead-fused triazolopyridine derivative was 
reported by Boyer and Wolford 62 in 1958. However, it was 
not until the late 1960's following the investigations of 
Tennant and his co-workers 3942 ' 4851 that the synthetic 
importance of this finding began to be realised. This 
group have shown 3942 ' 4851 (Scheme 34) that a wide 
variety of bridgehead-fused 1,2,3-triazole derivatives, 
including the triazolbbenzotriazine N-oxide (167), 
triazoloquinazoline (171) and triazolpyrmidine (173) ring 
systems, can be readily cleaved in protic acids to afford 
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readily accessible by more conventional methods. 	These 
authors have also examined the range of functionalised 
heterocyclic intermediates that can be prepared by 
acid-catalysed cleavage of bridgehead-fused 1,2,3-triazole 
derivatives. The acetoxy, bromo or chloro functionalised 
heterocycles (168), (172) and (174) have all been shown to 
be readily accessible. In addition, it has been found 39 
that sodium dithionite in acetic acid can reductively 
cleave many bridgehead-fused 1,2,3-triazole derivatives. 
For example, the triazolobenzotriazine N-oxide (167) was 
converted to 3-benzylbenzo-1,2,4-triazine (170) under such 
conditions. The mechanism of this reaction presumably 
involves the formation of a 3-c-acetoxybenzylbenzo-1,2,4-
triazine derivative which is then reduced by sodium 
dithionite. It has also been shown 39 that the 
triazolobenzotriazine N-oxide (167) can be cleaved 
oxidatively to afford the ketone (169) using chromium 
trioxide in acetic acid. The mechanism of this reaction 
presumably also involves the formation of an 
a-acetoxybenzylbenzotriazine 	derivative 	which 	is 
subsequently hydrolysed and oxidised. 	This strategy of 
using acid-catalysed cleavage of bridgehead-fused 
1,2,3-triazole derivatives to prepare functionalised 
heterocyclic intermediates has also been exploited by 
Maury et al. 19 ' 20 These authors have found (Scheme 35) 
that 2-acetoxymethylpyrazine (176) and 3-acetoxymethyl 
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Scheme 37 
triazolopyrazine (175) and the triazolopyridazine (177) 
respectively. In addition, Westerlund has shown 60 (Scheme 
36) that a range of functionalised thienopyrimidine 
derivatives (180) can be prepared by acid-catalysed 
cleavage of the triazolothienopyrimidine (179). 
An interesting observation on the reactivity of 
bridgehead-fused 1,2,3-triazoles has been made by Eistert 
and Enders. 23 These authors have found (Scheme 37) that 
treatment of 3-benzoyl-1,2,3-triazolo[1,5-a]pyridine (181) 
with aniline afforded 1,5-diphenyl-4-pyrid-2-yl-1,2,3-
triazole (184) . The mechanism of this rearrangement 
probably involves formation of the imine (182) followed by 
ring-opening to the diazoalkyl species (183) and 
subsequent cyclisation by trapping of the diazo group by 
the imine nitrogen atom rather than the pyridine nitrogen 
atom. The driving force for this isomerisation is 
possibly the greater aromaticity of (184) versus (181). A 
second factor may be that the basicity of the imino group 
in the imine (183) is greater than the basicity of the 
pyridinic nitrogen (pKb 8.96).69 
1.3.2 	Homolvtic Reactivit 
It has been found 55 (Scheme 38) that gas phase 
thermolysis of phenyl azide (185) resulted in the 
isolation of 2-methylpyridine (192) as well as aniline 
(190) and azobenzene (191). In order to explain the 
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proposed 55 that thermolysis of the azide (185) resulted in 
the formation of the nitrene (187) which could isomerise 
to the carbene (188) and that these two species were in 
equilibrium. In order to test this hypothesis, the 
carbene (188) was generated independently by 
thermolysis of 1,2,3-triazolo[1,5-a]pyridine (186) under 
relatively mild (5000/0.04 mm) conditions. An examination 
of the product distribution of this thermolysis reaction 
showed it to be identical to that obtained on thermolysis 
of phenyl azide, thus supporting the suggestion that the 
carbene (188) and the nitrene (187) were in equilibrium. 
Additionally, it was found70 (Scheme 39) that when the 
azide (185) was introduced at a fast rate into 
a furnace at 600-970 0/0.04 mm, a moderate yield of the 
cyanocyclopentadiene (198) was obtained. This product was 
also obtained when the carbene precursors (196) and (197) 
were introduced at a fast rate into a furnace at 
699-970°/0.04 mm. However, it was not observed when the 
azide (185) or the triazolopyridine (186) were introduced 
at a slow rate into a furnace at 500 0/0.04 mm. These 
contrasting results were ratlonalised by Wentrup, 56 who 
suggested that the carbene (188)-nitrene (187) equilibrium 
occurs via the 2-azatropylidene (189), and that the three 
species exist in the triplet state when the azide (185) or 
the triazolopyridine (186) are introduced slowly into 
a furnace at 500 0/0.04 mm. However, thermolysis of the 


































higher temperature and employing a fast rate of 
introduction 	results 	in 	the 	formation 	of 	the 
2-azatropylidene (193) in a "hot" singlet state. This 
species then collapses to the cyanocyclopentadiene (198) 
before intersystem crossing to the triplet state can 
occur. This interpretation does not however explain the 
isolation71 of the triplet product azobenzene (191) on 
thermolysis of the triazolopyridine (186) at 600-970 0 
employing a fast rate of introduction. Nevertheless a 
more definitive explanation has not yet been proposed. 
From a synthetic viewpoint, the thermal homolytic 
cleavage of bridgehead-fused 1,2,3-triazoles has few 
applications due to the idiosyncratic nature of product 
distribution. It has been found55,72 for example that 
changing the substituent at C-3 of the triazole ring of 
bridgehead-fused 1,2,3-triazole derivative can result in a 
dramatic alteration of the product distribution on 
thermolysis of the latter. Consequently, it is extremely 
difficult to predict how efficiently thermolysis of a 
bridgehead-fused 1,2,3-triazole will yield a particular 
product. In addition, the products obtained by homolytic 
cleavage of such heterocycles can usually be prepared more 
conveniently by more orthodox synthetic chemistry. 
Photolysis has also been used to induce homolytic 
cleavage of the triazole ring of a bridgehead-fused 
1,2,3-triazole derivative. Chapman and his co-workers 58 

























triazolopyridine (186) or the azide (185), in non 
nucleophilic solvents, gave identical products to those 
obtained on thermolysis 	of these compounds 	at 
5000/0.04 mm. 	This suggests that the carbene (188)- 
nitrene 	(187) 	equilibrium can also be generated 
photochemically. Photolysis of both phenyl azide (185) 
and the triazolopyridine (186) in an argon matrix at 10K 
has shown 58 that they equilibrate to the same product. An 
examination of the infrared spectrum of this product in a 
matrix at 10K led to its formulation as the cyclic 
ketenimine (199) and not the azatropylidine [(189); Scheme 
38] which was formed on therinolysis of the azide (185) and 
the triazolopyridine (186). The involvement of the cyclic 
ketenimine (199) is further supported by the finding 58 
that treatment of the unstable photolysis product with 
diethylamine at 10K and allowing the mixture to warm to 
room temperature affords the 3H-azepine derivative (200). 
[L!J 
Chapter 2 
Investigations of the Structure and Reactivity of 
1.2. 3-Triazolobenzo-1. 2 ,4-triazine Derivatives 
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INVESTIGATIONS OF THE STRUCTURE AND REACTIVITY 
OF 1,2, 3-TRIAZOLOBENZO-1,2 , 4-TRIAZINE DERIVATIVES 
2.1 INTRODUCTION 
The 	ability 	of 	bridgehead-fused 	1,2,3-triazolo 
pyrimidine derivatives (Chapter 1, Scheme 33) to undergo a 
Dimroth rearrangement [(163)_(165)3 8 as a result of the 
tautomeric equilibrium [(163)(164)=(166)=(165)] has 
been previously reported 68 and is discussed in Chapter 1, 
page 26. Although it has been shown 73 ' 74 that 
bridgehead-fused 1,2,3-triazolo-1,2,4-triazine derivatives 
can also undergo Dimroth rearrangement, attempts to 
demonstrate the existence of a tautomeric equilibrium 
similar to that observed for triazolopyrimidines have been 
unsuccessful. As it is well known 75 that 1,2,3-
tetrazolobenzo-1,2,4-triazines display such a tautomeric 
equilibrium, it was of interest to determine if the 
bridgehead-fused 1,2,3-triazolobenzo-1,2,4-triazine ring 
system could also exhibit ring-chain tautomeric behaviour. 
Examples of triazolobenzotriazine derivatives in the 
literature are almost exclusively unsubstituted on the 
benzene ring and were assigned structures analogous to the 
angular 1,2,3-triazolobenzo-1,2,4-triazine-N-oxide (88) 
(Chapter 1, Scheme 19) on the basis of chemical evidence. 
However, due to the difficulties associated with using 
chemical degradation techniques to assign the structure of 
34 
such bridgehead-fused 1,2,3-triazole derivatives, which 
have been previously discussed in Chapter 1 (Section 1. 2, 
page 14), it was decided to examine the structural 
properties of the triazolobenzotriazine ring system with a 
substituent attached to the benzene ring. It was 
anticipated that a substituent on the benzene ring of a 
triazolobenzo-1,2,4-trjazjne derivative would act as a 
marker, and would allow any tautomerism that might be 
occurring to be observable using 1 H n.m.r. spectroscopy. 
It was believed that the chemical shift of such a 
substituent attached to an angular triazolobenzotriazine 
derivative [e.g. (88)] would be different from the 
chemical shift of a substituent attached to a linear 
triazolobenzotriazjne derivative [e.g. (89)] and thus 
tautomerism would be observable spectroscopically. 
2.2 INVESTIGATIONS OF THE NOVEL STRUCTURAL ISOMERISM OF 
1,2, 3-TRIAZOLOBENZO-1, 2, 4-TRIAZINE DERIVATIVES 
The ability of an electron-withdrawing group attached 
to the triazole ring of a bridgehead-fused 1,2,3-triazole 
derivative to facilitate ring'opening, and hence Dimroth 
rearrangement, 38 is well known. 41 p42,4850 It was 
therefore decided that a 1,2,3-triazolobenzo-1,2,4-
triazine derivative with an electron-withdrawing group 
attached to the triazole ring, together with a substituent 
on the benzene ring, would offer the best chance of 
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Scheme 41 
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occurring by spectroscopic methods. However, although the 
1,2,3-triazolobenzo-1,2,4-triazine ring system has been 
known since the late 1950's following the work of Lieber 
et a1 32 (Chapter 1, Scheme 19), no flexible strategy for 
the synthesis of such heterocycles has been reported in 
the literature. 
The trapping of diazonium cations by activated 
aromatic rings to form diazo compounds is well known' 9 and 
has been the basis of the dyeing industry for most of the 
twentieth century. Therefore it seemed possible (Scheme 
41) that diazotisation of an aminotriazole derivative 
[e.g. (203a and b)] could result in the formation of a 
diazonium cation which could be captured by the adjacent 
phenyl group to afford a 1,2,3-triazolobenzo-1,2,4-
triazine derivative. Consequently, ethyl 5-amino-i-(3-
methylphenyl)-lH-1,2,3-triazole-4-carboxylate (203a) was 
readily synthesised from the azide (201a) using a standard 
aminotriazole synthesis. 32 The azide (201a) was readily 
prepared by diazotisation of 3-methylaniline and treatment 
of the reaction mixture with sodium azide. The azide 
(201a) was then reacted with ethyl cyanoacetate in the 
presence of sodium ethoxide to give a good yield of a 
solid whose elemental analysis showed it to have the 
molecular formula C 12 H 14N 40 2 and whose spectroscopic 
properties were in full accord with the aminotriazole 
structure (203a). 
The conditions 	for the attempted diazotative 
cyclisation of the aminotriazole (203a) were given careful 
consideration. It is known 78 that diazotisation, of 
5-amino-1,2,3-triazole derivatives in the presence of 
hydrochloric or hydrobromic acid results in the 
displacement of the resulting diazonium group by the 
halide ion and it was therefore decided to carry out the 
diazotisation in sulphuric acid. It was anticipated that 
displacement of the diazoniuin group formed upon 
diazotisation of the aminotriazole (203a) would be less 
likely in sulphuric acid due to the weaker nucleophilic 
nature of sulphate (SO 4 2 ) and hydrosulphate (HSO 4 ) ions 
compared to chloride or bromide ions. As it is also 
known 95 that strong acids can often stabilise cations, 
(including diazonium cations), 79 the aminotriazole (203a) 
was diazotised in concentrated sulphuric acid using 
glacial acetic acid as a co-solvent to prevent charring. 
Work up of the reaction mixture gave a low yield of a 
solid whose elemental analysis and mass spectrum showed it 
to have the molecular formula C, 2H 12N 30 2 . The 'H n.m.r. 
spectrum of this material showed a methyl group, an ethyl 
ester function, four aromatic protons and a vinylic CH 
group which led to its assignment as the deaminated 
triazole (205a). The formation of the deaminated compound 
(205a) requires reductive removal of the diazo group of 
the diazonium intermediate. However, the mechanism of 
this reduction was not further investigated. 
The failure of ethyl 5-amino-l-(3-methylphenyl)-lH- 
37 
1,2,3-triazole-4-carboxylate (203a) to undergo diazotative 
cyclisation was attributed to the relatively low electron-
donating effect of the methyl group on the phenyl ring. 
Therefore, ethyl 5-amino-l-(3-methoxyphenyl) -lH-1, 2,3- 
triazole-4-carboxylate (203b) was prepared by the 
condensation of the azide (201b) with ethyl cyanoacetate 
(202) in the presence of sodium ethoxide and was fully 
characterised. It was hoped that the greater electron-
donating capacity26 of the methoxy group in this molecule 
compared to the methyl group in (203a) would activate the 
phenyl ring of the aminotriazole (203b) towards 
electrophilic substitution and would trap the diazonium 
cation formed upon diazotisation of the aminotriazole 
(203b) giving the corresponding triazolobenzotriazine 
derivative (204). 
In orders to establish if concentrated sulphuric acid 
was necessary to effect diazotative cyclisation, the 
aminotriazole (203b) was diazotised in 2M aqueous 
sulphuric acid in glacial acetic acid. Work up of the 
reaction mixture gave a low yield of a solid which, was 
fully characterised as the deaminated 1,2,3-triazole 
(205b) as well as a small quantity of the unreacted 
starting material (203b). Also obtained from the reaction 
mixture was a low (9%) yield of a red solid whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 12H 11 N 5 0 3 . An examination of the 'H 
n.m.r. spectrum of this red solid showed it to be a two 
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component mixture which had methoxy group signals at 64.03 
and 64.11 in a ratio of 1:2 and in the aromatic region of 
the spectrum had ortho coupled doublets at 68.65 and 
67.92. This data suggested that diazotative cyclisation 
of the aminotriazole (203b) had occurred to give either a 
mixture of ethyl 8-methoxy-1,2,3-triazolo[5,l-c]benzo-
1,2, 4-triazine-3-carboxylate (204) and/or ethyl 6-methoxy-
1,2, 3-triazolo [5, 1-c]benzo-1, 2 , 4-triazine-3-carboxylate 
(206) and/or the Dimroth rearranged isomer of the former, 
ethyl 8-methoxy-1,2,3-triazolo[1,5-b]benzo-1,2,4-triazine-
1-carboxylate (208). However, due to the poor efficiency 
of the diazotative cyclisation in dilute acid it was 
decided to examine the diazotisation of the aminotriazole 
(203b) in the presence of concentrated sulphuric acid. 
Therefore ethyl 5-amino-l-(3-methoxyphenyl) -1H-1, 2,3-
triazole-4-carboxylate (203b) was diazotised in a solution 
of concentrated sulphuric acid in glacial acetic acid and 
gave a high yield (84%) of a product which was identical 
(m.p. and 'H n.m.r. spectrum) to the red solid obtained on 
diazotisation of the aminotriazole (203b) under dilute 
acid conditions. - 
A close inspection of the 'H n.m.r. spectrum of the 
mixture obtained from the diazotative cyclisation of the 
aminotriazole (203b) led to the tentative suggestion, 
which was later confirmed, that it contained a mixture of 
the angular and linear triazolobenzotriazine derivatives 
(204) and (208) due to the presence of two ortho coupled 
doublets in the aromatic region of the spectrum. These 
signals were tentatively attributed to H-6 of the 
triazolobenzotriazines (204) and (208) respectively. Had 
the 6-methoxy-1,2,3-triazolobenzotriazine (206) been one 
component of the mixture, then only one ortho coupled 
doublet would have been present. 
Attempts to verify the formation of the angular and 
linear triazolobenzotriazine derivatives (204) and (208), 
upon diazotisation of the aminotriazole (203b), by 
separation of the product mixture proved unsuccessful. It 
was therefore decided to attempt (Scheme 42) to hydrolyse 
the ester group of the isomers (204) and (208) to afford 
the carboxylic acid isomers (209b) and (210b). It was 
hoped that separation of the carboxylic acids (209b) and 
(210b) by fractional crystallisation might be possible and 
thus by characterisation of the individual acids, the 
formation of the esters (204) and (208) by diazotisation 
of the aminotriazole (203b) would be confirmed. 
Therefore, a solution of the isomeric esters (204) and 
(208) in ethanol was treated with 2M aqueous sodium 
hydroxide and the mixture was heated under reflux. Work 
up of the reaction mixture gave an intractable acidic 
solid whose i.r. spectrum showed broad OH absorption and 
had a carbonyl band at a lower wavenumber than the 
carbonyl band of the isomeric ester starting materials 
(204) and (208). This suggested that ester hydrolysis had 
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occurred, however an inspection of the 1 H n.m.r. spectrum 
of the reaction product showed the triplet-quartet signals 
characteristic of two ethoxy groups and the absence of the 
two methoxy group signals expected in the 'H n.m.r. 
spectrum of a mixture of the carboxylic acids (209b) and 
(210b). An evaluation of the i.r. and 'H n.m.r. spectra 
led to the tentative suggestion that the isomeric esters 
(204) and (208) had been converted to the isomeric 
carboxylic acids (209a) and (210a) by nucleophilic 
displacement of the methoxy groups with ethoxide and 
saponification of the ester groups. The formation of the 
ethoxy substituted carboxylic acids (209a) and (210a) was 
later confirmed and will be discussed in detail in Section 
2.3. 
In order to prevent replacement of the methoxy groups 
on the benzene rings of the isomeric esters (204) and 
(208) during saponification of the ester functions, it was 
decided to use methanol as the reaction solvent. 
Therefore (Scheme 42) a solution of the esters (204) and 
(208) in methanol and 2M aqueous sodium hydroxide was 
heated under reflux and the reaction mixture was worked up 
to give an acidic solid whose elemental analysis and mass 
spectrum showed it to have the molecular formula 
C 1O H 2 N 5 0 3 . An examination of the i.r. spectrum of this 
material showed a broad OH band at 3600-2500 cm'. 
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Further evidence for the formation of the carboxylic acids 
(209b) and (210b) was provided by the 1 H n.m.r. spectrum 
of the product which contained no signals which could be 
attributed to an ethoxy group. The 1 H n.m.r. spectrum of 
the product from the hydrolysis of the isomeric esters 
(20.4) and (208) showed signals due to two methoxy groups 
and also an identical splitting pattern in the aromatic 
region of the spectrum to that of the mixture of the 
esters (204) and (208). However, it was not possible to 
separate the two carboxylic acids obtained from the 
hydrolysis of the ester mixture by fractional 
crystallisation and thus confirm that diazotisation of the 
aminotriazole (203b) had afforded the isomeric esters 
(204) and (208). It was therefore decided to attempt the 
fractional crystallisation of the sodium salts of the 
carboxylic acids (209b) and (210b). Consequently, the 
mixture, which was tentatively suggested to contain the 
carboxylic acids (209b) and (210b), was heated with 2M 
sodium hydroxide to give a solid whose elemental analysis 
suggested it had the molecular formula C 10H 6N 5NaO 3 as a 
dihydrate. The 111 n.in.r. spectrum of this sodium salt 
showed a single methoxy group signal at 64.13, a double 
doublet at 67.60, a meta coupled doublet at 67.98, an 
ortho coupled doublet at 68.69 and no other signals. An 
evaluation of this data suggests that the isomeric 
carboxylic mixture (209b) and (210b) is converted into a 
single isomer by formation of the sodium salt. 
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Consequently, it is impossible that diazotisation of the 
aminotriazole (203b) gives an isomer mixture of the 6- and 
8-methoxy-1,2,3-triazolo[5,1-c]benzotriazines, (206) and 
(204) respectively, because hydrolysis of this isomer 
mixture would afford. an isomer mixture of 
triazolobenzotriazine carboxylic acids, and it would not 
be possible to convert these carboxylic acid isomers into 
a single triazolobenzotriazine sodium carboxylate. In 
contrast, the formation of the angular and linear 
triazolobenzotriazines (204) and (208), from the 
aminotriazole (203b), would afford the isomeric 
triazolobenzotriazine carboxylic acids (209b) and (210b) 
on hydrolysis. The carboxylic acids (209b) and (210b) can 
be interconverted by a Dimroth rearrangement and thus it 
is easy to envisage that the formation of the sodium 
salt(s) of these isomers could result in Dimroth 
rearrangement of one of the isomers to give a sodium salt 
which exists in one isomeric form. This suggests 
therefore that diazotisation of the aminotriazole (203b) 
gives the angular and linear triazolobenzotriazine isomers 
(204) and (208) . 
By comparison (Table 1) of the chemical shift of the 
ortho coupled doublet (11-6) at 68.69 of the sodium salt 
formed from the carboxylic acids (209b) and (210b) with 
the chemical shifts of the ortho coupled doublets (H-6) at 
68.65 and 67.92 (which were in a ratio of 2:1 
respectively) of the isomeric esters (204) and (208), it 
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Ph 	H H CDC1 3 
CO 2 Et H 	H 	CDC1 3 
CO 2 Na H 	H 	(CD 3 ) 2 S0 
H 	H. H 	(CD 3 ) 2 S0 
CO 2 Et OMe H 	(CD 3 ) 2 S0 
Ph 	OMe H 	(CD 3 ) 2 S0 
CO 2Et H ONe CDC1 3 
CO 2 Et ONe OMe (CD 3 ) 2 S0 
Ph 	OMe ONe (CD 3 ) 2 S0 
8.58 7.91 - 	- 
8.65 7.93 7.92 7.53 
8.69 7.98 - 	- 
8.66 7.98 - 	- 
- 	- 	7.39 7.37 
8.24 8.06 7.36 7.30 
- 	7.36 - 	6.79 
- 	7.76 - 	7.10 
- 	7.77 - 	7.15 
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can be seen that an excellent correlation exists between 
the chemical shift of H-6 of the sodium salt and H-6 of 
the major component of the two component ester mixture. 
It can also be seen that the chemical shift of 11-9 of the 
sodium salt can be correlated with the meta coupled 
doublet (H-9) of the major component of the isomeric ester 
mixture. This therefore suggests that the sodium salt 
exists in a configuration identical to the major isomer of 
the isomeric ester mixture of (204) and (208). From the 
studies of Castillôn and his coworkers, 25 it is known that 
H-6 and 11-9 of angular tetrazolobenzo-1,2,4-triazines 
[comparable to the angular 1,2,3-triazolobenzo-1,2,4-
triazine (204)] resonate at a lower field and are more 
widely separated than H-6 and 11-9 of linear 1,2,3-
tetrazoiobenzo-1,2,4-triazines [comparable to the linear 
1,2,3-triazolobenzo-1,2,4-triazine (208)]. By analogy, it 
would be predicted therefore that 11-6 and 11-9 of the 
angular isomer (204) would resonate at a lower field and 
be separated by a wider chemical shift than 11-6 and H-9 of 
the linear isomer (208). The relative differences in the 
chemical shifts of 11-6 and H-9 of the linear and angular 
isomers could also be predicted by examination of the 
chemical environments of each of the protons. 11-6 and 11-9 
of the angular isomer (204) are attached to a fully 
conjugated aromatic ring and would therefore be expected 
to be more deshielded than H-6 and 11-9 of the more bond-
fixed linear isomer (208). In addition, H-9 of the 
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angular isomer (204) will be influenced by its closeness 
in space to N-i and will therefore exist in a totally 
different environment to H-6. By contrast, 11-6 and H-9 of 
the linear isomer (208) exist in environments which are 
very similar to each other. From these arguments, it is 
likely that the ortho coupled doublet at 68.65 and the 
meta coupled doublet at 67.93 can be attributed to H-6 and 
11-9 of the angular isomer (204) and the ortho coupled 
doublet at 67.92 and the meta coupled doublet at 67.53 can 
be attributed to H-6 and H-9 of the linear isomer. By 
comparison of the integration value of H-6 of the angular 
isomer (204) with the integration value of H-6 of the 
linear isomer (208) it can be seen that diazotisation of 
the aminotriazole (203b) gives a 2:1 mixture of the 
isomeric esters (204) and (208) respectively. As it can 
be seen (Table 1) that the chemical shifts of 11-6 and H-9 
of the sodium salt obtained from the carboxylic acids 
(209b) and (210b) can be correlated with the chemical 
shifts of H-6 and 11-9 of the major component of the 
isomeric ester mixture (204) and (208), this suggests that 
the carboxylic acids (209b) and (210b) form the angular 
sodium carboxylate (212a) on reaction with sodium 
hydroxide. 
The conversion of the mixture of isomeric carboxylic 
acids (209b) and (210b), whose 'H n.m.r. spectrum shows it 
to be a 2:1 mixture of the angular and linear isomers 
respectively, into the angular form exclusively upon 
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formation of the sodium salt suggests that the substituent 
attached to position 3(1) of a triazolobenzotriazine 
derivative has an influence on the relative stability of 
the two isomeric forms of this heterocyclic ring system. 
It was therefore decided to examine the effect of a 
hydrogen atom at position 3(1) of the 1,2,3-triazolobenzo-
1,2,4-triazine ring system. It is well documented 43 that 
bridgehead-fused 1,2,3-triazole derivatives with a 
carboxylic acid group attached to the triazole ring can 
often undergo thermal decarboxylation. Therefore the 
mixture of the isomeric carboxylic acids (209b) and (210b) 
was heated as a suspension in dioxane to give a high yield 
of a solid whose elemental analysis and mass spectrum 
suggested it had the molecular formula C 9H ?N 50. An 
examination of the 1 H n.m.r. spectrum of the product 
showed the presence of only one triazolobenzotriazine 
isomer and a comparison (Table 1) of the chemical shifts 
of H-6 and H-9 shows excellent correlation with H-6 and 
H-9 of the angular triazolobenzotriazine derivatives (204) 
and (212a). This therefore indicates that decarboxylation 
of the isomeric carboxylic acids (209b) and (210b) affords 
the single angular 1,2,3-triazolobenzo-1,2,4-triazine 
derivative (212b). 
The cleavage of bridgehead-fused 1,2,3-triazole 
derivatives to give functionalised heterocyclic 
intermediates not readily accessible by alternative routes 
is well documented 3943 ' 4851 and has been discussed in 
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Chapter 1, Section 1.3, page 21. 	It was therefore 
decided, in the present studies, to investigate the 
triazole cleavage reactions of the 1,2,3-triazolobenzo-
1,2,4-triazine ring system. Consequently (Scheme 42), the 
triazolobenzotriazine (212b) was heated in glacial acetic 
acid to give a good yield of a yellow solid whose 
elemental analysis and mass spectrum suggested it had the 
molecular formula C 1 H 1 1 N 3 0 3 and whose i.r. spectrum 
showed a strong carbonyl band at 1753 cm. The 1 H n.m.r. 
spectrum of this solid indicated the presence of an acetyl 
methyl group, a methoxy function, a CH 2 group and three 
aromatic protons which confirmed the cleavage of the 
triazolobenzotriazine (212b) to the acetoxymethylbenzo-
1,2,4-triazine (211a). The 3-acetoxymethylbenzo-1,2,4-
triazine (211a) was also obtained in a reasonable yield by 
heating the mixture of the carboxylic acid isomers (209b) 
and (210b) in glacial acetic acid. It has been previously 
discussed in Chapter 1, Section 1.3 that bridgehead-fused 
1,2,3-triazole derivatives with an electron withdrawing 
group attached to the triazole ring are unsusceptible to 
acid-catalysed triazole scission. However, the cleavage 
of the isomeric triazolobenzotriazine carboxylic acids 
(209b) and (210b) can be readily rationalised by the in 
situ decarboxylation of these carboxylic acids and 
cleavage of the resulting decarboxylated product (212b). 
The facile nature of the cleavage of the 
1,2,3-triazolobenzo-1,2,4-triazine ring system was further 
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demonstrated by the cleavage of the isomeric carboxylic 
acids (209b) and (210b) by concentrated hydrochloric acid 
to give a quantitative yield of the 3-chloromethylbenzo-
1,2,4-triazine (211b) which was fully characterised. An 
attempt (Scheme 43) to cleave the carboxylic acids (209b) 
and (210b) using acetyl chloride in acetic acid gave a 
moderate yield of the chloromethylbenzotriazine (211b) as 
well as a low yield (14%) of a solid by-product whose 
elemental analysis and mass spectrum suggested it had the 
molecular formula C 9 H ? C1 2 N 30. An examination of the 1 H 
n.m.r. spectrum of this by-product showed signals 
attributable to a methoxy group and a chloromethyl 
function as well as singlets at 67.33 and 68.52 with 
integration values corresponding to one proton each. The 
combination of spectral data with analytical results led 
to the tentative assignment of the 7-chloro-3-
chloromethyl-6-methoxybenzo-1, 2, 4-triazine structure (213) 
to this by-product. This structural assignment was fully 
verified by X-ray analysis (Figures 1 and 2) which showed 
this material to be a mixture of the rotamers (213a) and 
(213b). In an attempt to determine if chlorination of the 
benzene ring to afford the dichioro compound (213) 
occurred before or after triazole cleavage of the isomeric 
carboxylic acids (209b) and (210b), the 
chloromethylbenzotriazine (211b) was heated with acetyl 
chloride in acetic acid. Work up of the reaction mixture 





Table 2. Bond Lengths (A) with Standard Deviations 
N(1) - N(2) 1.327( 3) N(l') -N(2') 1.311( 3) 
N(1) -C(8a) 1.339( 3) N(1 1 ) -C(8a') 1.350( 3) 
N(2) - C(3) 1.357( 3) N(2 1 ) -C(3 1 ) 1.359( 4) 
C(3) -C(31) 1.500(4) C(3 1 ) -C(31 1 ) 1.493(4) 
C(3) - N(4) 1.313( 3) C(3 1 ) -N(4 1 ) 1.308( 3) 
C(31) -C1(3) 1.764( 3) C(31 1 )-C1(3 1 ) 1.759( 3) 
M(4) -C(4a) 1.354( 3) N(4')-C(4a') 1.354(3) 
C(4a) - C(5) 1.399(4) C(4a')-C(5 1 ) 1.406(4) 
C(4a) -C(8a) 1.421(4) C(4a')-C(8a') 1.418(4) 
C(5) - C(6) 1.368( 4) C(5 1 ) -C(6 1 ) 1.364( 4) 
C(6) - 0(6) 1.331(3) C(6 1 ) -0(6 1 ) 1.341(3) 
C(6) - C(7) 1.445( 4) C(6 1 ) -C(7 1 ) 1.446( 4) 
0(6) -C(6M) 1.451( 4) 0(6 1 ) -C(6M') 1.449( 4) 
C(7) -C1(7) 1.728(3) C(7 1 ) -C1(7') 1.7244(25) 
C(7) - C(8) 1.347( 4) C(7 1 0 -C(8 1 ) 1.346( 4) 
C(8) -C(8a) 1.417(4) C(8 1 ) -C(8a') 1.411(4) 
411 
able 3. Angles (degrees) and Torsion Angles (degrees) 
with Standard Deviations 
N(2) - N(1) -C(8a) 119.45(22) 	N(2 1 ) -N(l') -C(8a') 118.63(22) 
- N(2) - C(3) 117.78(22) N(1') -N(2') -C(3') 118.38(22) 
- C(3) - C(31) 118.09(22) 	N(2') -C(3') -C(31') 113.84(23) 
N(2) - C(3) - N(4) 126.65(23) N(2') -C(3') -N(4 1 ) 127.20(24) 
C(31) - C(3) - N(4) 115.21(22) 	C(31')-C(3') -N(4 1 ) 118.95(24) 
C(3) -C(31) -Cl(3) 114.99(19) C(3') -C(31')-C1(3') 109.89(20) 
C(3) - N(4) -C(4a) 116.42(21) 	C(3') -N(4') -C(4a') 115.47(22) 
N(4) -C(4a) - C(5) 121.18(23) N(4') -C(4a')-C(5') 121.18(22) 
N(4) -C(4a) -C(8a) 118.50(22) 	N(4') -C(4a')-C(8a') 119.02(22) 
C(S) -C(4a) -C(8a) 120.32(23) C(5') -C(4a')-C(8a') 119.79(22) 
C(4a) - C(5) - C(6) 119.83(24) 	C(4a')-C(5') -C(6') 119.79(23) 
- C(6) - 0(6) 	125.76(24) C(5') -C(6') -0(6') 125.98(23) 
C(S) - C(6) - C(7) 119.33(24) 	C(5') -C(6') -C(7') 119.71(23) 
0(6) - C(6) - C(7) 	114.90(23) 0(6') -C(6') -C(7') 114.30(21) 
- 0(6) -C(6M) 117.15(22) 	C(6') -0(6') -C(6M') 116.75(21) 
C(6) - C(7) -C1(7) 	117.72(20) C(6') -C(7') -C1(7') 118.08(18) 
C(6) - C(7) - C(8) 121.9( 3) 	C(6') -C(7') -C(8') 	121.35(23) 
C1(7) - C(7) - C(8) 	120.38(22) C1(7')-C(7') -C(8') 120.57(20) 
- C(8) -C(8a) 119.0( 3) 	C(7') -C(8') -C(8a') 119.31(23) 
N(1) -C(8a) -C(4a) 121.19(23) N(1') -C(8a')-C(4a') 121.28(23) 
N(1) -C(8a) - C(8) 119.19(24) 	N(1') -C(8a')-C(8') 118.68(23) 
C(4a) -C(8a) - C(8) 119.62(23) C(4a')-C(8a')-C(8') 120.03(23) 
(8a) - N(1) - N(2) - C(3) 	-0.4( 3) 	C(8a')-N(1') -N(2') -C(3') 	-0.5( 3) 
N(2) - N(1) -C(8a) -C(4a) -0.3( 4) N(2') -N(1') -C(8a')-C(4a') 0.1( 4) 
N(2) - N(1) -C(8a) - C(8) -179.68(24) 	N(2') -N(1') -C(8a')-C(8') 	179.24(23) 
N(1) - N(2) - C(3) -C(31) 177.71(22) N(1') -N(2') -C(3') -C(31') -179.00(23) 
- N(2) - C(3) - N(4) 	0.5( 4) 	N(1') -N(2') -C(3') -N(4') 	0.3( 4) 
- C(3) -C(31) -C1(3) 19.3( 3) N(2') -C(3') -C(31')-C1(3') -84.4( 3) 
N(4) - C(3) -C(31) -C1(3) -163.13(19) 	N(4 1 ) -C(3') -C(31')-C1(3') 	96.3( 3) 
N(2) - C(3) - N(4) -C(4a) 	0.3( 4) N(2') -C(3') -N(4') -C(4a') 0.5( 4) 
(31) - C(3) - N(4) -C(4a) -177.03(21) 	C(31')-C(3') -N(4') -C(4a') 	179.71(23) 
C(3) - N(4) -C(4a) - C(5) 179.14(23) C(3') -N(4') -C(4a')--C(5') 179.77(24) 
C(3) - N(4) -C(4a) -C(8a) 	-1.0( 3) 	C(3') -N(4') -C(4a')-C(8a') 	-0.9( 3) 
N(4) -C(4a) - C(S) - C(6) 179.22(24) N(4') -C(4a')-C(5') -C(6') 179.62(24) 
(8a) -C(4a) - C(S) - C(6) 	-0.6( 4) 	- C(8a')-C(4a')-C(5') -C(6 1 ) 	0.3( 4) 
N(4) -C(4a) -C(8a) - N(1) 1.1( 4) N(4') -C(4a')-C(8a')-N(1') 0.7( 4) 
N(4) -C(4a) -C(8a) - C(8) -179.55(23) 	N(4') -C(4a')-C(8a')-C(8') 	-178.47(23) 
C(S) -C(4a) -C(8a) - N(1) -179.08(24) C(5') -C(4a')-C(8a')-N(1') 179.91(23) 
C(5) -C(4a) -C(8a) - C(8) 	0.3( 4) 	C(S') -C(4a')-C(8a')-C(8') 	0.9( 4) 
(4a) - C(S) - C(6) - 0(6) 179.79(24) C(4a')-C(5') -C(6') -0(6') 179.33(23) 
;(4a) - C(5) - C(6) - C(7) 	0.9( 4) 	C(4a')-C(5') -C(6') -C(7') 	-1.5( 4) 
C(5) - C(6) - 0(6) -C(6M) -3.9( 4) C(5') -C(6') -0(6') -C(6M') -2.7( 4) 
C(7) - C(6) - 0(6) -C(6M) 175.06(23) 	C(7') -C(6') -0(6') -C(6M') 	178.05(22) 
C(5) - C(6) - C(7) -C1(7) 178.75(21) C(5') -C(6') -C(7') -C1(7') -177.98(20) 
- C(6) - C(7) - C(8) 	-0.8( 4) 	C(S') -C(6') -C(7') -C(8') 	1.5( 4) 
0(6) - C(6) - C(7) -C1(7) -0.3( 3) 0(6 1 ) -C(6') -C(7') -C1(7') 1.3( 3) 
0(6) - C(6) - C(7) - C(8) -179.9( 3) 	0(6') -C(7') -C(8') -C(8') 	-179.18(23) 
- C(7) - C(8) -C(8a) 	0.5( 4) C(6') -C(7') -C(8') -C(8a') -0.4( 4) 
1(7) - C(7) - C(8) -C(8a) -179.07(21) 	Cl(7')-C(7') -C(8') -C(8a') 	179.14(19) 
- C(8) -C(8a) -N(1) 	179.2( 3) C(7') -C(8') -C(8a')-N(1') -179.90(24) 
C(7) - C(8) -C(8a) -C(4a) -0.2( 4) 	C(7') -C(8') -C(8a')-C(4a') 	-0.8( 4) 
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This 	result 	suggests 	that 	formation 	of 	the 
dichlorobenzotriazine (213) occurred by chlorination of 
the benzene ring after cleavage of the triazole ring of 
the isomeric carboxylic acids (209b) and (210b) had 
occurred. The position of chlorination (C-7) of the 
benzene ring suggests electrophilic substitution by 
chloronium ion (Cl) as it is known 82 that position 7 of 
benzo-1,2,4-triazines is very unsusceptible to 
nucleophilic substitution. In addition C-7 is activated 
towards electrophilic substitution and deactivated towards 
nucleophilic substitution by the electron-rich methoxy 
group at C-6. However, the generation of chloronium ion 
by the heating of acetyl chloride in acetic acid does not 
appear to have a precedent in the literature and its 
mechanism of formation in the chlorination of the 
benzotriazine (211b) is unknown. 
As it had been shown that cleavage of the triazole 
ring of the isomeric carboxylic acids (209b) and (210b) 
with concentrated hydrochloric acid occurred to give a 
quantitative yield of the chloromethylbenzo-1,2,4-triazine 
(211b), it was of interest to examine the reaction of the 
isomer mixture of (209b) and (210b) with hydrobromic acid. 
Therefore the isomer mixture of (209b) and (210b) was 
stirred with concentrated hydrobromic acid and the 
reaction mixture was worked up to give a good yield of a 
solid whose analytical and spectroscopic properties were 
in full accord with the bromomethylbenzotriazine structure 
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(211c). An attempt to prepare the bromocompound (211c) by 
heating the carboxylic acids (209b) and (210b) with acetyl 
bromide in acetic acid (Scheme 43) gave low yields of the 
dibromo compound (214) and 7-bromo-6-methoxy-3--
rnethylbenzo-1,2,4-triazine (215). Both of these compounds 
analysed correctly and had spectral properties fully in 
accord with their assigned structures. The bromination of 
the benzene ring at C-7 of both these products as well as 
the chlorination of the chioromethyl compound (211b) 
suggests that electrophilic substitution at this position 
of the benzo-1,2,4-triazine ring system, when such 
heterocycles are treated with acid halides in acetic acid, 
is a fairly general phenomenon. The formation of the 
3-methyl derivative (214) can probably be explained by 
reduction of the dibromo compound (214) by hydrogen 
bromide generated in the reaction of acetyl bromide with 
acetic acid. This ability of hydrogen bromide to act as a 
reducing agent has been previously reported by Novinson 
and his coworkers. 59 
Due to the facile nature of the preparation of the 
derivatised 3-methylbenzotriazines (21la-c) from the 
isomer mixture of the carboxylic acids (209b) and (210b), 
it was decided to examine the range of benzotriazine 
derivatives accessible from the latter. Therefore, the 
isomer mixture of (209b) and (210b) was heated with 20% 
v/v aqueous sulphuric acid in an attempt to prepare the 
hydroxymethylbenzotriazine (211f). However, work up of 
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the reaction mixture gave only a low yield of an 
intractable solid. An attempt to prepare the alcohol 
(211f) by reaction of the carboxylic acid mixture of 
(209b) and (210b) with 70% v/v aqueous acetic acid gave a 
low recovery of unreacted starting material (209b) and 
(210b), as well as a series of multi-component gums and 
solids from which no characterisable material could be 
obtained. The reasons for the difficulty encountered in 
the preparation of the alcohol (211f) are unknown but it 
is probable that the latter could be prepared from the 
isomer mixture of (209b) and (210b) if the correct 
reaction conditions could be discovered. It was 
next 	decided 	to 	attempt 	to 	prepare 	the 
ethoxymethylbenzotriazine (211d) by reaction of a 
suspension of the isomer mixture of (209b) and (210b) in 
ethanol with 70% w/v aqueous perchioric acid. Work up of 
the reaction mixture gave a reasonable yield of the ethyl 
ether (211d) which analysed correctly and had 
spectroscopic properties in accord with its assigned 
structure. The scope of this strategy of acid-catalysed 
triazole cleavage for the preparation of functionalised 
benzo-1,2,4-triazine derivatives was further demonstrated 
by the reductive cleavage of the isomer mixture of (209b) 
and (210b) with sodium dithionite in acetic acid to give a 
good yield of a solid product whose analytical and 
spectroscopic properties were in full accord with its 
formulation as 6-methoxy-3-methylbenzo-1, 2, 4-triazine 
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(211e). Previously reported studieS 39  of the cleavage of 
bridgehead-fused 1,2, 3-triazole derivatives, under 
identical reductive conditions, suggest that the mechanism 
for the formation of the benzotriazine (211e) from the 
isomer mixture of (209b) and (210b) involves cleavage of 
the triazole ring of both components to give the acetoxy 
compound (211a) which can then be reduced by sodium 
dithionite to the 3-methylbenzotriazine (211e). Due to 
the success of the reductive cleavage of the isomer 
mixture of carboxylic acids (209b) and (210b), it was also 
decided to attempt their oxidative cleavage. It has been 
shown 39 that many bridgehead-fused 1,2,3-triazole 
derivatives can be oxidatively cleaved to aldehydes, 
carboxylic acids or ketones as shown in Chapter 1, Scheme 
34, Section 1.3, Page 27. It was anticipated therefore 
that the isomer mixture of (209b) and (210b) could be 
oxidatively cleaved to afford a benzotriazine with either 
an aldehyde group or a carboxylic acid group at position 
3. However, when the carboxylic acid mixture of (209b) 
and (210b) were heated with chromium trioxide in acetic 
acid, no identifiable material could be obtained from the 
reaction mixture. 
As the isomeric carboxylic acid mixture of (209b) and 
(210b) had cleaved so readily in acetic acid to the 
acetoxymethylbenzotriazine (211a), it was decided to 
attempt the similar cleavage of the isomeric ethyl ester 
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ester mixture of (204) and (208) was heated in acetic acid 
to give a high yield of a yellow solid whose elemental 
analysis and mass spectrum showed it to have the molecular 
formula C 14H 15 N 3 0 5 . Confirmation that the mixture of the 
esters (204) and (208) had been cleaved to the acetoxy 
compound (220a) was provided by the products i.r. spectrum 
which showed a broad carbonyl band at 1750 cm -1 and its 1 H 
n.m.r. spectrum which showed a signal at 62.22 
attributable to the methyl group of an acetyl substituent 
as well as a benzylic CH signal at 66.64. Also obtained 
from the reaction of the mixture of the esters (204) and 
(208) with acetic acid was a small amount (1%) of the 
a-keto ester (221) which was fully characterised. The 
formation of the a-keto ester (221) can possibly be 
attributed to hydrolysis of the acetoxy compound (220a) 
followed by oxidation in the reaction mixture. However, 
no attempt was made to identify the oxidant responsible 
for the formation of the keto-ester (221) due to the 
insignificant yield of the latter. 
As the isomeric mixture of esters (204) and 
(208) could be readily cleaved to the acetoxy 
compound (220a), it was decided to examine the range 
of functionalised (a-ethoxycarbonyl) methylbenzotriazine 
derivatives accessible by acid-catalysed cleavage of the 
ester mixture of (204) and (208). Therefore, the ester 
mixture 	of 	(204) 	and 	(208) 	was 	stirred 	with 
trifluoroacetic acid at room temperature, however work up 
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of the reaction mixture gave only the unreacted starting 
material. Similarly, only unreacted starting material was 
recovered when the isomer mixture of (204) and (208) was 
stirred with trifluoroacetic acid at 50 0 . However, when a 
solution of the isomeric ester mixture of (204) and (208) 
in trifluoroacetic acid was heated to reflux, work up of 
the reaction mixture gave an unresolvable multi-component 
gum. The success of glacial acetic acid and the failure 
of trifluoroacetic acid in the cleavage of the triazole 
rings of the isomeric esters (204) and (208) is somewhat 
surprising. It is known 76 that trifluoroacetic acid is a 
much stronger acid than glacial acetic acid and it might 
be predicted from the proposed mechanism of triazole 
cleavage, discussed in Chapter 1, Section 1.3, Scheme 29, 
page 23, that protonation of the triazole ring, and hence 
triazole cleavage, would be enhanced by the more powerful 
acid. However, the trifluoroacetate anion is stabilised 
by the electron withdrawing fluorine groups and is thus 
less nucleophilic than an acetate anion. Consequently 
(Scheme 29) the protonated triazole intermediate(s) (139) 
or (140) or (141) would be attacked more readily by an 
acetate anion than a trifluoroacetate anion and this could 
possibly explain the failure of trifluoroacetic acid to 
induce cleavage of the triazole rings in the mixture of 
isomers (204) and (208) at 20 0 or 50 0 . However, when the 
mixture of (204) and (208) was heated to ref lux in 
trifluoroacetic acid, it is likely that such a powerful 
57 
acid reacted at other positions of the isomers as well as 
at the triazole ring thus explaining the formation of a 
multi-component gum. Another rather surprising result was 
obtained when the isomeric mixture of esters (204) and 
(208) was heated with acetyl chloride in acetic acid. It 
is usual 5 ° for triazole scission under these conditions to 
occur to give predominantly the chloromethyl derivative 
and only a small quantity, if any, of the acetoxymethyl 
derivative, due to hydrochloric acid being a stronger acid 
than acetic acid and thus hydrochloric acid cleaves the 
triazole ring of bridgehead-fused 1,2,3-triazole 
derivatives more readily than does acetic acid. However, 
the reaction of the mixture of esters (204) and (208) with 
acetyl chloride in acetic acid afforded the acetoxy 
compound (220a) as the major product and the 
(c-chloro--o-ethoxycarbonyl)methylbenzOtriazine (220b), 
which was fully characterised, as a minor by-product. 
This seemingly anomalous result can possibly be explained 
by the premature evolution of the hydrogen chloride, 
formed by the reaction of acetic acid with acetyl 
chloride, from the reaction mixture, before it had a 
chance to become involved in the cleavage of the triazole 
rings of the isomers (204) and (208). An attempt to 
prepare the chloro compound (220b) by cleavage of the 
triazole rings of the isomeric esters (204) and (208) 
using concentrated hydrochloric acid at ambient 
temperature, without a co-solvent, proved unsuccessful and 
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only a good recovery of the unreacted starting material 
was obtained. Another attempt to prepare the a-chloro 
derivative (220b) in a synthetically useful yield by 
passing hydrogen chloride through a solution of the ester 
mixture of (208) and (208) in acetic anhydride gave only 
an intractable tar. However, reductive cleavage of the 
isomeric ester mixture of (204) and (208) proved 
successful. Thus when a solution of the mixture of 
triazolobenzotriazines (204) and (208) in acetic acid was 
heated with sodium dithionite, work up of the reaction 
mixture gave a good yield of a solid whose analytical and 
spectroscopic properties were in full accord with its 
formulation as 3- (o-ethoxycarbony1)methyl-6-methoxybenzo-
1,2,4-triazine (220c). This reaction is notable for the 
selective reduction of the acetoxy group of the probable 
intermediate (220a) in the presence of the ester group 
which remains intact. 
The acid-catalysed triazole cleavage of the mixture of 
the esters (204) and (208) appears to be the first example 
of a bridgehead-fused 1,2,3-triazole derivative to undergo 
such triazole scission when an electron withdrawing group, 
other than a carboxylic acid group, is attached to the 
triazole ring. The acid-catalysed cleavage of the 
triazole ring of bridgehead-fused 1,2,3-triazole 
derivatives with a carboxylic acid group attached to the 
triazole ring is well known 43 ' 59 and has been attributed6l 
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to decarboxylation prior to triazole scission. 	As 
previously discussed in Chapter 1, Section 1.3, page 22, 
it has been suggested 50 that an electron withdrawing group 
attached to the triazole ring of a bridgehead-fused 
1,2,3-triazole derivative reduces the basicity of the 
triazole ring thus inhibiting protonation and as a result 
preventing triazole scission. A possible explanation for 
the anomalous acid-catalysed triazole cleavage of the 
isomeric esters (204) and (208) could be that the ester 
group does not reduce the basicity of the triazole ring of 
the triazolobenzotriazine ring system to an extent which 
is sufficient to inhibit protonation and thus prevent 
triazole scission. Evidence in support of this 
explanation has been obtained and will be discussed later 
(see page 64). 
As already discussed, it is believed that the linear 
triazolobenzotriazine (208) [isomer B] is formed by 
Dimroth rearrangement of the angular triazolobenzotriazine 
(204) [isomer A] via the diazo species (207). It is also 
believed that recyclisation of the diazo species (207) 
produces the most thermodynamically stable mixture of the 
two isomers (204) and (208) as outlined in Scheme 41. It 
was of interest therefore to unambiguously synthesise the 
diazo intermediate (207) and to investigate its 
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ratio of [isomer A] to [isomer B] as that obtained (Scheme 
41) by diazotisation of the aminotriazole (203b). 
Therefore (Scheme 45) it was decided to attempt to 
selectively hydrolyse the acetoxy group of the 
acetoxymethylbenzotriazine (220a) to the a-hydroxyester 
(222). It was anticipated that the alcohol (222) could be 
oxidised to the a-ketoester (224) which could be converted 
to the hydrazone (223) and that the latter could be 
oxidised to the diazo intermediate (207). However, an 
attempt to hydrolyse the acetoxy compound (220a) to the 
alcohol (222) using iN aqueous sodium carbonate in ethanol 
at room temperature gave only a good recovery of the 
unreacted starting material. When a solution of the 
acetoxyinethyl derivative (220a) and iN aqueous sodium 
carbonate in ethanol was heated to reflux, no identifiable 
material could be obtained from the reaction mixture. In 
addition, attempts to hydrolyse the acetoxy compound 
(220a) to the alcohol (222) using 70% v/v aqueous acetic 
acid gave only unreacted starting material at ambient 
temperature and afforded only an intractable gum when 
heated to refiux. Due to the unexpected difficulty 
encountered in the hydrolysis of the acetoxyinethyl 
derivative (220a) to the alcohol (222), it was decided to 
attempt to oxidise the former directly to the o-ketoester 
(224). Therefore, a solution of the acetoxy compound 
(220a) in dioxane was treated with aqueous sodium 
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hypochiorite at ambient temperature. However, work up of 
the reaction mixture gave only a good recovery of the 
unreacted starting material. 
As the synthesis of the a-ketoester (224) was proving 
more difficult than anticipated, it was decided to attempt 
to prepare the diazo intermediate (207) using an 
alternative strategy. It has been shown by Regitz and his 
coworkers 26 , and discussed in Chapter 1, Section 1.2, page 
10, that bridgehead-fused 1,2,3-triazole derivatives can 
be prepared by transferring a diazo group from an 
arylsuiphonyl azide to an activated methylene group in the 
presence of base. Therefore, a solution of the ester 
(220c) in ethanol was treated with sodium ethoxide 
followed by tosyl azide, however, work up of the reaction 
mixture gave only an intractable solid. Due to the 
possibility that ethoxide could have reacted with the 
diazo species (207), it was decided to attempt to transfer 
a diazo group to the ester (220c) using an alternative, 
less nucleophilic, base. Consequently, a solution of the 
ester (220c) in dioxane was treated with sodium hydride 
followed by tosyl azide and the mixture worked up to give 
a solid whose 1 H n.m.r. spectrum showed it to be a 2:1 
mixture of the isomeric mixture of esters (204) and (208). 
The cyclisation of the diazo species (207), which has been 
unambiguously synthesised, to give a mixture containing an 
identical mixture of the isomeric esters (204) and (208) 
to that observed on diazotisation of the aminotriazole 
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(203b) strongly suggests that the diazo intermediate (207) 
cyclises to give the most thermodynamically stable mixture 
of the isomers (204) and (208). 
The effect of the substituent attached to position 
3(1) of the triazole ring of the triazolobenzotriazine 
ring system on the relative stability of the angular and 
linear isomers has been demonstrated (Scheme 42) by the 
conversion of a 2:1 mixture of the carboxylic acids (209b) 
and (210b) into the single angular sodium carboxylate 
product (212a). The decarboxylation of the mixture of 
angular 	and 	linear 	carboxylic 	acids 	(209b) 	and 
(210b) 	respectively, 	into 	the 	single 	angular 
triazolobenzotriazine (212b) has also been shown. These 
observations suggest that an electron withdrawing 
group (e.g. an ester group) at C-3(1) of the 
triazolobenzotriazine ring system destabilises the angular 
isomer relative to the linear isomer. They also suggest 
that electron donation (e.g. by carboxylate ion) or the 
absence of electron withdrawal (i.e. no substitution) at 
C-3(1) either strongly stabilises the angular 
triazolobenzotriazine isomer or strongly destabilises the 
linear isomer. It was of interest therefore to examine 
the effect(s) of a variety of functional groups at C-3(1) 
on the relative stabilities of the angular and linear 
triazolobenzotriazine isomers. 
As it had been shown that electron-withdrawal at 
position 3(1) of the triazolobenzotriazine ring system 
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stabilises the linear isomer [isomer B] relative to the 
angular isomer [isomer A], it was of interest to attempt 
to influence the relative stabilities of the two isomers 
to such an extent that [isomer B] would be formed 
exclusively. It was anticipated that replacing the ester 
group of the triazolobenzotriazines (204) and (208) with 
the more powerfully electron withdrawing cyano group could 
accomplish this objective. Therefore (Scheme 46) the 
azide (201) was condensed with cyanoacetamide (225) to 
give a high yield of the aminotriazole (226) which 
analysed correctly and showed spectroscopic properties 
consistent with its assigned structure. The aminotriazole 
(226) was then dehydrated with phosphoryl chloride in 
dimethylformamide to give a low yield of a solid whose 
analytical and spectroscopic properties were in full 
accord with the 5-amino-4-cyanotriazole structure (228). 
Also obtained from the reaction of the aminotriazole (226) 
with phosphoryl chloride was a good yield of a solid whose 
elemental analysis and mass spectrum suggested it had the 
molecular formula C 1 3 H 1 4N 60. The i.r. spectrum of this 
material showed a cyano band at 2220 cm -1 but lacked any 
amino group absorption. This solid is assigned the 
formainidine structure (227) on the basis of its 1 H n.m.r. 
spectrum, which showed signals due to two methyl groups, a 
methoxy group, four aromatic protons and a vinylic CH 
signal. This structural assignment was later confirmed by 
acid-catalysed hydrolysis of the compound (227) to the 
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aminotriazole (228). 	The aminotrjazole (228) was then 
diazotised to give a high yield of a solid whose elemental 
analysis and mass spectrum showed it to have the molecular 
formula C 10H 8 N 60. Confirmation that diazotative 
cyclisation of the aminotriazole (228) had taken place was 
provided by the 1 H n.m.r. spectrum of the product, which 
showed signals due to two methoxy groups at 64.10 and 
64.17 in relative ratios of 2:1, an ortho coupled doublet 
at 68.74 and a multiplet at 68.00-7.18. As the relative 
integration values of the ortho coupled doublet at 68.74 
and the methoxy group signal at 64.10 was 1:3, and a 
comparison (Table 1) of the chemical shift of H-6 of the 
angular triazolobenzotriazine derivatives (204), (212a) 
and (212b) shows excellent correlation with the ortho 
coupled doublet at 68.74, the product from the diazotative 
cyclisation of the aminotriazole (228) was assigned as a 
2:1 mixture of the angular and linear isomers (216) and 
(217) respectively. 
As acid-catalysed triazole cleavage of the mixture of 
isomeric esters (204) and (207) had occurred so readily, 
it was of interest to examine the susceptibility of the 
nitrile mixture of (216) and (217) to such triazole 
scission. 	Therefore (Scheme 44), the isomer mixture of 
(216) and (217) was heated with acetic acid. 	However, 
work up of the reaction mixture gave only a good recovery 
of the unreacted starting material. The failure of the 
isomeric nitrile mixture of (216) and (217) to undergo 




MeO )L R 









a ; SO2Ph 








(231) ; S0 2 Ph 
	
(232) ; S02Ph 
(21) ;CONMe 2 	 (219) ;CONMe2 
(I) NaOMe,MeOH,Et2Q, 20°. 
(ii) NaNO2 , H 2SO4(conc.) ,AcOH, 
Scheme 47 
65 
acid-catalysed triazole scission is unsurprising, as it 
would be expected that the powerfully electron withdrawing 
cyano group would reduce the basicity of the triazole 
rings to such an extent that protonation, and hence 
triazole cleavage would be prevented. 
Due to the failure of the cyano group to alter the 
ratio of [isomer A] to [isomer B] from that observed when 
an ester substituent was attached to C-3(1) of the 
triazolobenzotriazine ring system, it was decided to 
examine the effect of having the more powerfully electron 
withdrawing phenylsulphonyl group at C-3(1). Therefore 
(Scheme 47) the azide (201) was condensed with 
phenylsuiphonylacetonitrile (229a) to give a low yield of 
the aminotriazole (230a) which had analytical and 
spectroscopic properties in accord with its structure. 
The aminotriazole (230a) was then diazotised to give a 
moderate yield of a solid whose elemental analysis showed 
it to have the molecular formula C 15H 11 N 50 3S and whose 
mass spectrum showed it to have a molecular ion at m/z 
(FABms), 342(M+H). The 1 H n.m.r. spectrum of this 
material showed signals due to two methoxy groups in the 
ratio of 1:1, an ortho coupled doublet at 68.71 which 
could be assigned to H-6 of the angular isomer (231) and a 
inultiplet in the aromatic region of the spectrum with an 
integration value corresponding to seven protons. From 
this data, the product from the diazotisation of the 
aminotriazole (230a) can be formulated as a 1:1 mixture of 
the angular and linear triazolobenzotriazine isomers (231) 
and (232) respectively. The failure of the highly 
electron withdrawing phenylsuiphonyl group, to alter the 
relative stabilities of the angular [isomer A] to linear 
[isomer B] triazolobenzotriazine structures to such an 
extent that [isomer B] is present exclusively, suggests 
that although the substituent at C-3(1) of the 
triazolobenzotriazine ring system can stabilise [isomer B] 
to a certain extent, it cannot stabilise it to the 
exclusion of [isomer A]. 
The existence of the 8-methoxy-1,2,3-triazolobenzo-
1,2,4-triazine nucleus in the angular form when a sodium 
carboxylate group or a hydrogen atom is attached to C-3 
has been previously discussed. It was of interest 
therefore to determine which other substituents when 
attached to C-3(1) caused the triazolobenzotriazine ring 
system to exist exclusively in the angular form. 
Consequently, it was decided to examine the effect of an 
amide group at C-3(l) on the relative stability of the 
angular and linear triazolobenzotriazine structures. 
Therefore (Scheme 47), the azide (201) was condensed with 
N,N-dimethylcyanoacetamide (229b) to give a solid in high 
yield whose analytical and spectroscopic properties were 
in full accord with the expected aminotriazole structure 
(230b). The aminotriazole (230b) was then diazotised to 
afford a solid product in excellent yield whose elemental 
analysis and mass spectrum showed it to have the molecular 
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formula C 12 H 12 N 6 0 21  thus confirming that diazotative 
cyclisation had occurred. An examination of the 111 n.m.r. 
spectrum of this product showed signals due to two methoxy 
groups in a ratio of 4:1. In addition comparison of the 
relative integration values of H-6 of the angular isomer 
(218) at 68.60 and H-6 of the linear isomer (219) at 
67.80, demonstrated that diazotisation of the 
aminotriazole (230b) had given a 4:1 mixture of [isomer A] 
(218) and [isomer B] (219). This is the ratio of isomers 
one might expect given that an amide group is less 
electron withdrawing than an ester group but more electron 
withdrawing than a sodium carboxylate substituent. 
The acid-catalysed triazole scission (Scheme 44) of 
the isomeric mixture of esters (204) and (208) and the 
failure of the isomeric mixture of nitriles (216) and 
(217) to undergo this type of reaction has been previously 
discussed. It was of interest therefore to investigate 
the susceptibility of the isomeric mixture of amides (218) 
and (219) to acid-catalysed triazole scission. Therefore 
(Scheme 44) the isomer mixture of (218) and (219) was 
heated in acetic acid and the'mixture worked up to give a 
high yield of a solid which was fully characterised as the 
a-acetoxymethylbenzotriazine dimethylcarboxamide (220d). 
Also obtained in this reaction was a low yield of 
3-acetoxymethyl-6-methoxybenzo-1, 2 ,4-triazine (211a) which 
was probably formed by hydrolysis of the amide groups in 
the amide mixture of (218) and (219), followed by 
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decarboxylation and subsequent acid-catalysed triazole 
scission. 
As the presence of an amide group at C-3(1) of the 
triazolobenzotriazine ring system still results in the 
existence of a mixture of the angular and linear isomeric 
forms, it was decided to examine the effect of a phenyl 
substituent attached to the triazole ring on the relative 
stabilities of the angular and linear isomers. Therefore 
(Scheme 48), the azide (201) was condensed with benzyl 
cyanide (233a) to give a moderate yield of the 
aminotriazole (234), which analysed correctly and showed 
the expected spectroscopic properties. Also obtained from 
the condensation of the azide (201) with benzyl cyanide 
(233a) was a solid by-product whose elemental analysis and 
mass spectrum suggested it had the molecular formula 
C 23 H 21 N 50. An examination of the 1 H n.m.r. spectrum of 
this solid showed a signal due to a methoxy group at 63.78 
signals due to eleven protons in the aromatic region of 
the spectrum and three exchangeable protons. On the basis 
of this analytical and spectroscopic data, the by-product 
is assigned the diaminoèthene structure (235). Formation 
of this product is readily explained by condensation of 
the aminotriazole (234) with a second molecule of benzyl 
cyanide (233a). An attempt to confirm the structure of 
this by-product as the diaminoethene (235) by its 
hydrolysis to 	the aminotriazole (234) using aqueous 
hydrochloric acid gave 	a 	solid whose i.r. spectrum 
Me 
suggested it was a hydrochloride salt and which could be 
converted back to the diamine (235) by treatment with 10% 
w/v aqueous sodium hydrogen carbonate. The aminotriazole 
(234) was then diazotised to give a quantitative yield of 
a solid whose elemental analysis and mass spectrum showed 
it to have the molecular formula C 1 5 H, ,N 50. The 
diazotative cyclisation of the aminotriazole (234) was 
confirmed by the 'H n.m.r. spectrum of the product which 
showed a signal at 64.10 due to the protons of a methoxy 
group, a four proton multiplet at 67.34-7.64, a meta 
coupled doublet at 67.91, a two proton multiplet at 
68.60-8.73 and an ortho coupled doublet at 68.58. A 
comparison (Table 1) of the chemical shifts of the ortho 
coupled doublet (H-6) and the meta coupled doublet (H-9) 
of this product with the chemical shifts of H-6 and H-9 of 
the angular and linear isomeric esters (204) and (208) 
shows excellent correlation with the angular 
triazolobenzotriazine (204). In addition, excellent 
correlation is also seen between the chemical shifts of 
H-6 and H-9 of the product from the diazotisation of the 
aminotriazole (234) and H-6 and H-9 of the sodium 
carboxylate (212a) and the 8-inethoxy-1, 2, 3-triazolobenzo-
1,2,4-triazine (212b). It was therefore tentatively 
suggested that diazotisation of the aminotriazole (234) 
gives the angular triazolobenzotriazine (236) exclusively 
and this structural assignment was unambiguously confirmed 





Table 4. Bond Lengths (A) with Standard Deviations 
N(l) - N(2) 1.325( 7) C(5a) - C(6) 1.410( 8) 
N(l) -N(10) 1.347( 7) C(5a) -C(9a) 1.406( 8) 
N(2) - C(3) 1.362( 7) C(6) - C(7) 1.359( 8) 
C(3) -C(3a) 1.393( 8) C(7) - C(8) 1.411( 8) 
C(3) -C(61) 1.464( 7) C(8) - C(9) 1.386( 8) 
C(3a) - N(4) 1.372( 7) C(8) - 0(8) 1.344( 7) 
C(3a) -N(10) 1.366( 7) C(9) -C(9a) 1.376( 8) 
N(4) - N(5) 1.309( 7) C(9a) -N(10) 1.387( 7) 
N(5) -C(5a) 1.386( 7) 0(8) -C(8M) 1.440( 8) 
Table S. Angles (degrees) and Torsion Angles (degrees) 
with Standard Deviations 
N(2) - N(1) -N(lO) 106.5( 4) C(6) - C(7) - C(8) 119.9( 5) 
N(1) - N92) - C(3) 110.8( 5) C(7) - C(8) - C(9) 122.4( 5) 
N(2) - C(3) -C(3a) 106.7( 5) C(7) - C(8) - 0(8) 113.4( 5) 
N(2) - C(3) -C(61) 123.1( 5) C(9) - C(8) - 0(8) 124.2( 5) 
C(3a) - C(3) -C(61) 130.1( 5) C(8) - C(9) -C(9a) 116.1( 5) 
C(3) -C(3a) - N(4) 132.1( 5) C(5a) -C(9a) - C(9) 123.7( 5) 
C(3) -C(3a) -N(10) 105.1( 5) C(5a) -C(9a) -N(lO) 113.0( 5) 
N(4) -C(3a) -N(10) 122.8( 5) C(9) -C(9a) -N(10) 123.3( 5) 
C(3a) - N(4) - N(5) 117.8( 5) N(l) -N(lO) -C(3a) 110.9( 4) 
N(4) - N(S) -C(5a) 120.8( 5) N(l) -N(10) -C(9a) 127.3( 5) 
N(5) -C(5a) - C(6) 118.2( 5) C(3a) -N(10) -C(9a) 121.7( 5) 
N(5) -C(5a) -C(9a) 123.9( 5) C(8) - 0(8) -C(8M) 119.3( 5) 
C(6) -C(5a) -C(9a) 117.9( 5) C(3) -C(61) -C(62) 120.0( 4) 
C(5a) - C(6) - C(7) 120.0( 5) C(3) -C(61) -C(66) 120.0( 4) 
N(lO) - N(1) - N(2) - C(3) 0.5( 6) N(5) -C(5a) - C(6) - C(7) -179.8( 5) 
N(2) - N(1) -N(10) -C(3a) -0.1( 6) C(9a) -C(5a) - C(6) - C(7) -0.2( 8) 
N(2) - N(1) -N(10) -C(9a) -178.6(  N(S) -C(5a) -C(9a) - C(9) -179.5( 5) 
N(l) - N(2) - C(3) -C(3a) -0.6(  N(5) -C(5a) -C(9a) -N(10) 0.9( 8) 
N(1) - N(2) - C(3) -C(61) -179.5( 5) C(6) -C(5a) -C(9a) - C(9) 0.9( 9) 
N(2) - C(3) -C(3a) - N(4) 178.8( 6) 	- C(6) -C(5a) -C(9a) -N(10) -178.7( 5) 
N(2) - C(3) -C(3a) -N(lO) 0.5( 6) C(5a) - C(6) -. 	C(7) - C(8) -0.1( 9) 
C(61) - C(3) -C(3a) - N(4) -2.4(10) C(6) - C(7) - C(8) - C(9) -0.3( 9) 
C(61) - C(3) -C(3a) -N(lO) 179.3( 5) C(6) - C(7) - C(8) - 0(8) 178.5( 5) 
N(2) - C(3) -C(61) -C(62) -1.3( 7) C(7) - C(8) - C(9) -C(9a) 0.9( 9) 
N(2) - C(3) -C(61) -C(66) 177.7( 4) 0(8) - C(8) - C(9) -C(9a) -177.8( 5) 
C(3a) - C(3) -C(61) -C(62) -179.9( 5) C(7) - C(8) - 0(8) -C(8M) 178.9( 5) 
C(3a) - C(3) -C(61) -C(66) -1.0( 8) C(9) - C(8) - 0(8) -C(8M) -2.3( 8) 
C(3) -C(3a) - N(4) - N(S) -177.6( 6) C(8) - C(9) -C(9a) -C(5a) -1.2( 9) 
N(10) -C(3a) - N(4) - N(5) 0.5( 8) C(8) - C(9) -C(9a) -N(10) 178.3( 5) 
C(3) -C(3a) -N(10) - N(l) -0.2( 6) C(5a) -C(9a) -N(10) - N(l) 177.8( 5) 
C(3) -C(3a) -N(10) -C(9a) 178.4( 5) C(5a) -C(9a) -N(lO) -C(3a) -0.5( 7) 
N(4) -C(3a) -N(10) - N(l) -178.7( 5) C(9) -C(9a) -N(10) - N(1) -1.7( 9) 
N(4) -C(3a) -N(10) -C(9a) -9.2( 8) C(9) -C(9a) -N(10) -C(3a) 179.9( 5) 
C(3a) - N(4) - N(S) -C(5a) -0.1( 8) C(3) -C(61) -C(62) -C(63) 178.9( 4) 
N(4) - N(S) -C(5a) - C(6) 178.9( 5) C(3) -C(61) -C(66) -C(65) -178.9( 4) 
N(4) - N(S) -C(5a) -C(9a) -0.6( 8) 
71 
structure of the triazolobenzotriazine (236), which was 
predicted from 'H n.m.r. spectral data is thus firmly 
established, it would appear to be highly likely that the 
structural assignments of other triazolobenzotriazine 
derivatives made on the basis of the chemical shifts of 
H-6 and H-9 in their 'H n.m.r. spectra are also correct. 
As the isomeric mixture of esters (204) and (208) and 
the isomeric mixture of carboxylic acids (209b) and (210b) 
had been shown to readily undergo acid-catalysed triazole 
scission, it was of interest to examine the susceptibility 
of the angular triazolobenzotriazine (236) to such 
cleavage. Therefore (Scheme 48) the triazole derivative 
(236) was heated with acetic acid to give a good yield of 
the a-acetoxy-a-benzyl compound (237a) whose structure was 
verified by its combustion analysis and its spectroscopic 
properties. When the phenyl compound (236) was heated 
with acetyl chloride in acetic acid, on a small scale, a 
high yield of a solid was obtained whose analytical and 
spectroscopic properties were in full accord with the 
a-chloro-a-benzylbenzotriazine structure (237b) . However, 
when the phenyl compound (236) was heated with acetyl 
chloride in acetic acid on a larger scale, a by-product 
was formed in addition to the chlorobenzotriazine (237b). 
This by-product, which was formed in low yield, was fully 
characterised as the dichiorocompound (238) and its 
formation is analogous to.the chlorination of the benzene. 
ring observed before (Scheme 43) on cleavage of the 
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isomeric mixture of acids (209b) and (210b) with acetyl 
chloride in acetic acid. 	Reductive cleavage of the 
triazolobenzotriazine (236) also occurred readily. 	When 
8-methoxy-3-phenyl-1,2,3-triazolo[5,1-c]benzo-1,2,4-
triazine (236) was heated with sodium dithionite in acetic 
acid, work up of this reaction mixture gave a reasonable 
yield of a solid whose analytical and spectroscopic 
properties were in full accord with the 3-benzylbenzo-
1,2,4-triazine structure (237c). 
It is surprising, given that the 3-benzylbenzotriazine 
derivatives 	(237a-c) 	can be readily prepared by 
acid-catalysed triazole scission of the 
triazolobenzotriazine (236), that the latter can be 
isolated from the strong acid diazotisation conditions 
used in its preparation from the aminotriazole (234). It 
might be expected that cleavage of the triazole ring of 
the triazolobenzotriazine (236) would occur under the 
conditions of its formation. However, no triazole 
cleavage is observed, and this can possibly be explained 
by the absence of a strong nucleophile (sulphate, 
hydrosuiphate being only weakly nucleophilic) and the low 
temperature of the diazotisation reaction mixture. 
It has been previously demonstrated (Scheme 45) that 
generation of the diazo species (207) results in 
cyclisation to afford the same mixture of the isomeric 
esters (204) and (208) 	as that obtained in the 
diazotisation of the aminotriazole (203b). 	It was of 
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interest 	therefore 	(Scheme 	49) 	to 	prepare 	the 
3-diazomethylbenzotriazine (239) in order to determine if 
its formation would result in cyclisation to afford the 
angular triazolobenzotriazine (212b) exclusively. 
Therefore, the chioromethyl derivative (211b) was reacted 
with sodium azide to give a quantitative yield of a solid 
whose spectroscopic properties were in full accord with 
the azide structure (241). An attempt was then made to 
reduce the azide (241) to the amine (240) in anticipation 
that the latter could be diazotised to give the 
diazomethyl derivative (239). However, reduction of the 
azide (241) using hydrogen over palladium-on-charcoal at 
four atmospheres gave only an intractable solid. It was 
then decided to attempt to prepare the diazo intermediate 
(239) using the diazo transfer technique, which had proved 
so successful in the preparation of the diazo species 
(207). Therefore, a solution of the 3-methylbenzotriazine 
(211e) was treated with sodium hydride followed by tosyl 
azide and the mixture was worked up to give only the 
unreacted benzotriazine starting material. It was also 
found that no reaction was observed when a solution of the 
benzotriazine (211e) and sodium hydride in ethyleneglycol 
dimethylether, which had been stirred at room temperature 
or at 50 0 , was treated with tosyl azide. This failure of 
the 3-methylbenzotriazine (211e) to undergo a diazo 
transfer reaction with tosyl azide can possibly be 
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of the methyl substituent of the former compared to those 
of the (a-ethoxycarbonyl)methylbenzotriazine (220c). 
However no further attempts were made to synthesise the 
diazo species (239). 
Due to the difficulty encountered in the preparation 
of the diazo derivative (239) it was decided to attempt to 
prepare the diazo species (24w) in order to determine if 
it would undergo cyclisation to the angular 
triazolobenzotriazine (236) exclusively. Therefore 
(Scheme 50) the chloro compound (237b) was reacted with 
sodium azide to give a quantitative yield of the azide 
(24.C.) which was fully characterised by its analytical and 
spectroscopic properties. The azide (244k) was then 
catalytically reduced over 10% palladium on charcoal at 4 
atmospheres to give an intractable gum whose infra red 
spectrum suggested that the amine (24 3) had been formed. 
However, an attempt to verify the formation of the amine 
(243) by reaction of the gum with phenylisocyanate in the 
hope of preparing the urea (24c), which would be predicted 
to be crystalline, proved unsuccessful. Work up of the 
reaction mixture giving only the unreacted untractable 
gummy starting material. The intractable gum was then 
diazotised in 5M aqueous hydrochloric acid, in the hope 
that it contained some of the amine (243), and the mixture 
was worked up to give low yields of the chloro compound 
(237b) and a solid whose analytical and spectroscopic 
properties were in accord with the alcohol structure 
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(24. Conversely, diazotisation of the intractable gum 
in a solution of concentrated sulphuric acid in glacial 
acetic acid gave only a multi-component gum from which no 
characterisable material could be obtained. It was then 
decided to attempt to prepare the diazo species (24() by 
transferring a diazo group from tosyl azide to the 
benzylic position of the benzotriazine (237c) in the 
presence of sodium hydride in a manner similar to that 
used (Scheme 45) in the preparation of the diazo 
intermediate (207). However, work up of the mixture from 
the attempted reaction of the benzotriazine derivative 
(237c) with tosyl azide gave only a good recovery of the 
benzotriazine starting material (237c). The failure of 
the benzotriazine (237c) to accept a diazo group from 
tosyl azide in the presence of sodium hydride can possibly 
be attributed to the benzylic protons being insufficiently 
acidic to be removed by sodium hydride. However, no 
further attempts to prepare the diazo species (24) were 
undertaken. 
As diazotisation of the aminotriazole (234) had 
resulted in cyclisation to give the angular 
triazolobenzotriazine (236) exclusively and as it has been 
shown that electron withdrawal at position 3(1) of the 
1,2,3-triazolobenzo-1,2,4-triazine ring system stabilises 
the linear isomer relative to the angular isomer, it was 
of interest to investigate the relative stabilities of 
these two isomers when a phenyl group, with an electron 
NR 
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withdrawing substituent attached, is at position 3(1). 
Therefore (Scheme 48), an attempt was made to prepare an 
aminotriazole derivative which, upon diazotisation, would 
provide this information. However, the 
attempted condensation of the azide (201) with 
4-nitrophenylacetonitrile gave only an intractable gum and 
an intractable solid, neither of which yielded any 
characterisable material. 
The substituent attached to position 3(1) of the 
1,2,3-triazolobenzo-1,2,4-triazine ring system has been 
shown to have a major influence on the relative 
stabilities of the angular and linear isomers of this ring 
system. It was of interest therefore to investigate the 
effect(s) substituents attached to other position of the 
triazolobenzotriazine ring system have on the relative 
stabilities of the two isomers. Therefore (Scheme 51), 
the azide (246) was condensed with ethylcyanoacetate (202) 
in the presence of sodium ethoxide to give a good yield of 
the aminotriazole (247) whose analytical and spectroscopic 
properties were fully in accord with the assigned 
structure. The aininotriazole (247) was then diazotised to 
give a high yield of a solid product whose elemental 
analysis and mass spectrum showed it to have the molecular 
formula C 11 H 9 N 5 0 3 . Confirmation that diazotative 
cyclisation of the aminotriazole (247) had taken place was 
provided by the 1 H n.m.r. spectrum of this product which 
showed H-6 of the angular isomer (248) and H-6 of the 
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linear isomer (249) in the ratio of 4:1. When the mixture 
of isomeric phenols (248) and (249) was stirred with 
sodium hydride, an intractable solid was obtained whose 1 H 
n.m.r. spectrum showed it to be a 7:1 mixture of the 
sodium phenolates (250) and (251) respectively, based on 
the relative intensities of the signals assigned to H-6 of 
these isomers. It is known ?€ that in terms of electron 
donating potential, the order ONa+>OH>OMe is observed. 
Therefore, the existence of the sodium phenolates (250) 
and (251) in a ratio of 7:1 and the isomeric phenols (248) 
and (249) in a ratio of 4:1 compared to the ratio of 2:1 
observed (Scheme 41) for the methoxy substituted 
triazolobenzotriazine esters (204) and (208) suggests that 
the greater the electron donating capability of the 
substituent at C-8, the more stable the angular isomer is 
relative to the linear isomer. 
It has been previously discussed that reducing the 
electron withdrawing effect of the substituent attached to 
C-3(1) of the 1,2,3-triazolobenzo-1,2,4-triazine ring 
system appears to enhance the stability of the angular 
isomer relative to the linear isomer. It would be 
predicted therefore that replacing the ester groups at 
C-3(1) of the isomers (248) and (249) with a phenyl 
substituent would cause the triazolobenzotriazine to exist 
exclusively as the angular isomer, given that the 
8-inethoxy substituted analogue exists in this isomeric 
form exclusively, Consequently (Scheme 52) the azide 
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(246) was reacted with benzyl cyanide in the presence of 
sodium ethoxide to give a good yield of a solid whose 
analytical and spectroscopic properties were in full 
accord with its formulation as the aminotriazole (252). 
Diazotisation of the aminotriazole (252) in turn gave a 
high yield of a solid whose elemental analysis and mass 
spectrum suggested it had the molecular formula C 14H 9N 50. 
An examination of the 1 H n.m.r. spectrum of this product 
confirmed that diazotative cyclisation of the 
aminotriazole (252) to the angular triazolobenzotriazine 
(254) had taken place. The 1 H n.m.r. spectrum showed an 
ortho-coupled doublet at 68.55 and a meta coupled doublet 
at 67.70 which are assigned to H-6 and H-9 of the angular 
triazolobenzotriazine (254) by analogy (Table 1) with the 
chemical shifts of these protons in the 1 H n.m.r. spectrum 
of the angular triazolobenzotriazine (236), whose 
structure was confirmed by X-ray analysis. No trace of 
the alternative linear isomer could be detected using 1 H 
n.m.r. spectroscopy. The diazotative cyclisation of the 
aminotriazole (252) to give the quinoneimine (253) by 
subsequent tautomerism of the phenol (254) was also ruled 
out due to the lack of a carbonyl band in the i.r. 
spectrum of the diazotisation product. 
As increasing the electron donating capability of the 
substituent at C-8 of the 1,2,3-triazolobenzotriazine ring 
system had been demonstrated to enhance the stability of 
the angular isomer relative to the linear isomer, it was 
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of interest to examine the effect(s) of electron-donating 
substituents at other positions of the benzene ring on the 
relative stability of the two isomers. Therefore (Scheme 
53), the azide (255a) was reacted with ethyl cyanoacetate 
in the presence of sodium ethoxide to give a product whose 
analytical and spectroscopic properties were in full 
accord with the expected aminotriazole structure (258a). 
The aminotriazole (258a) was then diazotised to give a low 
yield of a solid whose elemental analysis and mass 
spectrum showed it to have the molecular formula 
C 13 H 14N 5 0 2 which suggested that diazotative cyclisation 
had occurred. An examination of the 1 H n.xn.r. spectrum of 
this product showed singlets at 68.28. 7.57, 7.47 and 7.25 
with relative integration values of 4:1:4:1. The signal 
at 38.28 is assigned to H-9 of the angular 
triazolobenzotriazine (259a) as it would be predicted that 
the deshielding influence of N-i would cause this proton 
to resonate at a lower field than H-9 of the linear isomer 
(260a) or the H-7 protons of either isomer due to the 
shielding of these protons by the two methyl groups. This 
assignment therefore suggests that diazotisation of the 
aminotriazole (258a) gives a 4:1 mixture of the angular 
and linear triazolobenzotriazines (259a) and (260a). Also 
obtained from the diazotisation of the aminotriazole 
(258a) was a low yield of the deaminated triazole (257) 
which was fully characterised analytically and 
spectroscopically. In addition an unidentified solid was 
obtained whose elemental analysis and mass spectrum showed 
it to have the molecular formula C 13H 1 N 3 0 4 . The i.r. 
spectrum of this product showed a strong carbonyl band at 
1730 cm' and the 1 H and 13C n.m.r. spectra showed the 
presence of two methyl groups, an ethyl ester group and 
three aromatic protons. Unfortunately, no obvious 
structure could be deduced for this product, whose 
identification will require further experimental work. 
As diazotisation of the aminotriazole (258a) gives 
a 4:1 mixture of the angular and linear 
triazolobenzotriazines (259a) and (260a), it was of 
interest to examine the effect(s) of replacing the two 
methyl groups with even more electron-donating 
substituents. Therefore (Scheme 53), 3,5-dimethoxyphenyl 
azide (255b) was condensed with ethyl cyanoacetate in the 
presence of sodium ethoxide to give a reasonable yield of 
a solid whose analytical and spectroscopic properties were 
in full accord with the expected aminotriazole structure 
(258b). Also obtained from the reaction of the azide 
(255b) with ethyl cyanoacetate (202) was an acidic 
by-product whose elemental analysis and mass spectrum 
showed it to have the molecular formula C 13 H 16 N 40 4 . This 
molecular formula, together with the acidity of the 
by-product suggested the formation of the Dimroth 
rearranged aminotriazole (256). This structural 
assignment was further supported by the 1 H n.m.r. spectrum 
of the product which showed a highly deshielded 
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exchangeable proton at 68.08 which is assigned to the 
acidic triazole ring proton. Diazotisation of the 
aminotriazole (258b) under concentrated acid conditions or 
in a solution of 2M aqueous sulphuric acid in glacial 
acetic acid gave a high yield of a solid whose elemental 
analysis and mass spectrum showed it to have the molecular 
formula C 13H 13N 5 0 4 . The 1 H n.m.r. spectrum of this 
product showed signals at 67.53, 6.92, 6.80 and 6.65 with 
relative intensities of 2:1:2:1. By analogy with the 
triazolobenzotriazines (269a) and (260b), the signal at 
67.53 is assigned to H-9 of the angular isomer (259b). 
The resonance of H-9 of the dimethoxy substituted 
triazolobenzotriazine (259b) at 67.53 compared to the 
resonance of 11-9 of the dimethyltriazolobenzotriazine 
(259a) is undoubtedly due to the greater shielding 
afforded by the methoxy groups of the former compared to 
the methyl groups of the latter. The assignment of the 
signal at 67.53 to 11-9 of the angular isomer (259b) 
suggests that the signal at 66.92 is due to H-9 of the 
linear isomer (260b) as it would be expected that 11-7 of 
both the angular and linear isomers (259b) and 260b) would 
be further upfield due to the shielding effects of the 
adjacent methoxy groups. This therefore implies that 
diazotisation of the aminotriazole (258b) gives a 2:1 
mixture of the angular and linear triazolobenzotriazines 
(259b) and (260b) respectively. 
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hydrolysis of the isomeric esters (204) and (208) affords 
the angular sodium triazolobenzotriazine carboxylate 
(212a) exclusively. It was of interest therefore (Scheme 
54) to determine if hydrolysis of the mixture of isomeric 
esters (259b) and (260b) would afford a mixture of the 
sodium carboxylates (261a) and (262a). Consequently, the 
mixture of isomeric esters (259b) and (260b) was 
hydrolysed using 2M aqueous sodium hydroxide in methanol 
to give an intractable solid whose 111 n.m.r. spectrum 
showed it to be the angular triazolobenzotriazine (261a) 
exclusively. The sodium carboxylate (261a) was then 
acidified with 2M aqueous sulphuric acid to give a solid 
whose elemental analysis suggested it had the molecular 
formula C 1 1 H 9 N 5 0 4 .H 20 and whose mass spectrum showed a 
molecular ion at m/z (FABms), 276(M±H)t An examination 
of the i.r. spectrum of this solid showed broad OH and 
carbonyl bands however, it was not possible to confirm the 
formation of the mixture of carboxylic acids (261b) and/or 
(262b) from the sodium carboxylate (261a) by 111 n.m.r. 
spectroscopy due to the insolubility of the acidic solid 
and its ready decarboxylation on heating. The formation 
of the mixture of carboxylic acids (261b) and/or (262b) 
was however confirmed by decarboxylation on heating in 
dioxane to give a solid whose elemental analysis and mass 
spectrum showed it to have the molecular formula 
C 10 H 9 N 5 0 2 . An examination of the 1 H n.m.r. spectrum of 
this material showed it to be a 7:1 mixture of the 
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triazolobenzotriazines 	(263) 	and (264) 	respectively. 
Further evidence in support of the formation of the 
mixture of carboxylic acids (261b) and/or (262b) from the 
sodium carboxylate (261a) was provided by the cleavage of 
the mixture of acids to the acetoxymethylbenzotriazine 
(265a) using acetic acid and to the 
ethoxymethylbenzotriazine (265b) using 70% w/v aqueous 
perchioric acid in ethanol. Both of the cleavage products 
(265a) and (265b) had analytical and spectroscopic 
properties in full accord with their assigned structures. 
The diazotative cyclisation of the aminotriazole 
(258b) to give a 2:1 mixture of the triazolobenzotriazine 
derivatives (259b) and (260b) is consistent with the 
formation (Scheme 41) of the isomeric esters (204) and 
(208) by the diazotisation of the aminotriazole (203b). 
This consistency suggests that the presence of a methoxy 
group at C-6 has little influence on the relative 
stability of the angular and linear triazolobenzotriazine 
isomers. The existence however of the C-3(l) 
unsubstituted triazolobenzotriazine derivatives (263) and 
(264) in two isomeric forms whereas the 8-methoxy-1,2,3-
triazolobenzotriazine (212b) exists exclusively as the 
angular isomer seems to contradict the suggestion that a 
methoxy group at C-6 has no influence on the relative 
stability of the angular and linear triazolobenzotriazine 
isomers. It has been shown (Scheme 48) that diazotisation 
of the aminotriazole (234) gives 8-methoxy-3-phenyl-1,2,3- 
triazolo[5,1-c]benzo-1,2,4-triazine (236) exclusively. It 
was of interest therefore to investigate if a methoxy 
group at C-6 of a 1,2,3-triazolobenzotriazine derivative 
could overcome the stabilising influence on the angular 
isomer afforded by a phenyl group at C-3. Consequently 
(Scheme 53), the azide (255b) was condensed with benzyl 
cyanide (233a) in the presence of sodium ethoxide to give 
the aminotriazole (258c), which was fully characterised 
analytically and spectroscopically. Diazotisation of this 
aminotriazole gave a good yield of a solid product whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 16 H 13 N 5 0 2 . An examination of the 1 H 
n.m.r. spectrum of this product showed it to be a 4:1 
mixture of the angular and linear triazolobenzotriazines 
(259c) and (260c). It would appear therefore that a 
methoxy group at C-6 adversely influences the stability of 
the angular triazolobenzotriazine isomer. The influence 
of a methyl group at C-6 of the triazolobenzotriazine ring 
system is less clear, as it has been previously shown that 
diazotisation of the dimethylphenylaminotriazole (258a) 
gives a 4:1 mixture of the 'isomeric esters (259a) and 
(260a). This compares to the 2:1 ratio of the isomeric 
mixture of esters (204) and (208) obtained (Scheme 41) by 
diazotisation of the methoxyphenylaminotriazole (203b).. 
This suggests that a methyl group at C-6 stabilises the 
angular isomer, as it has already been demonstrated (page 
76) that the more electron donating the substituent at 
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C-8, the more stable the angular triazolobenzotriazine 
isomer. However the reason(s) for the extra stabilisation 
of the angular isomer (259a) afforded by the methyl group 
at C-6 are unknown at present. 
As it had been shown that an electron-donating 
substituent at C-6 of the triazolobenzotriazine ring 
system had a profound effect on the relative stability of 
the angular and linear isomers, it was decided to examine 
the effect(s) of electron donating substituents at other 
positions of the ring system. Therefore (Scheme 55), the 
aminotriazole (266a) was condensed with ethyl cyanoacetate 
(202) in the presence of sodium ethoxide to give a 
reasonable yield of the aminotriazole (267a) which was 
fully characterised analytically and spectroscopically. 
Diazotisation of the aminotriazole (267a) gave a 
quantitative yield of a yellow solid whose elemental 
analysis and mass spectrum showed it to have the molecular 
formula C 1 3111 3 N 5 0 4 . The 1 H n.m.r. spectrum of this 
product confirmed that diazotative cyclisation had 
occurred and showed the presence of only one 
triazolobenzotriazine isomer. A comparison (Table 1) of 
the 111 n.m.r. spectrum of this yellow solid with the 'H 
n.m.r. spectra of angular triazolobenzotriazine 
derivatives [e.g. (236) and (212b)J reveals significant 
differences. For example, H-6 of the angular 
triazolobenzotriazines (236) and (212b) resonates at 58.58 
and 58.66 respectively and H-9 resonates at 67.91 and 
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67.98 respectively. In contrast the 1 H n.m.r. spectrum of 
the product obtained from the diazotisation of the 
aminotriazole (267a) shows the aromatic protons resonating 
at 67.37 and 67.39. It would be predicted that H-6 and 
H-9 of an angular triazolobenzotriazine derivative [isomer 
A] would resonate at significantly different chemical 
shifts due to their different environments. H-6 of an 
angular isomer would be deshielded by the electron 
withdrawing influence of the adjacent N=N bond whereas H-9 
is shielded by the methoxy group at C-8 and deshielded by 
N-i. In contrast, H-6 and H-9 of a linear 
triazoiobenzotriazine derivative [isomer B] are in 
comparatively similar environments due to the symmetry of 
this isomeric form. The resonance of the aromatic protons 
of the product from the diazotisation of the aminotriazole 
(267a) in such close proximity, at 67.37 and 67.39, makes 
the relative assignment of H-6 and H-9 only t entative .* 
The close proximity of these signals in the 1 H n.m.r. 
spectrum does however suggest that diazotisation 
of the aminotriazole (267a) gives the linear 
triazolobenzotriazine (268a), exclusively by Dimroth 
rearrangement of the unisolated angular isomer (269a). 
Further evidence that diazotisation of the aminotriazole 
(267a) gives the linear triazolobenzotriazine (268a) 
exclusively was provided (Table 6) by a comparison of the 
* The assignment of these signals in Table 1 is arbitrary 
and may well in fact require reversal. 
Table 6. UltraVjOietAbSOrptiofl* of 1.2,3-TriazoiLobenzo-1.2.4-triazine Derivatives 





R 	 R' 
(A) (B) 
Compound 




250-280 nm 280-350 	350-370 








(212a) - CO 2 Na H ONe H H 225 (4.2) 252 (4.1) - 	 355 (3.9) 
(212b) - H H OMe H H 225 (4.3) 252 (4.2) - 	 352 (4.0) 





310 	(3.7) - 




255 (4.2) - - 
- (268a) CO 2 Et H OMe OMe H 230 (4.4) 277 (4.6) - 	 360 (3.9) 
- (268b) CO 2 Et H -0-CH 2 -0- H 232 (4.5) 275 (4.7 - 	 360 (4.0) 
- (278) CO 2 Et OMe H H OMe 232 (4.2) 275 (4.5) - - 
(* Wavelength of absorption maxima in nm; sh = shoulder; measured for samples in absolute ethanol) 
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UV spectra of the angular triazolobenzotriazines (212a) 
and (212b) with the UV spectrum of the product from the 
diazotative cyclisation of the triazole (267a). It can be 
seen that the Xlnax of the spectral bands of the angular 
triazolobenzotriazine derivatives (212a) and (212b) occur 
at lower wavelength, and hence a higher energy, than the 
>'max of of the spectral bands of the linear 
triazolobenzotriazine (268a). In addition, the extinction 
coefficient of the various spectral bands of the angular 
triazolobenzotriazines (212a) and (212b) is highest 
between 210-230 nm, next highest between 250-280 nm and 
lowest between 350-370 nm. In contrast, the extinction 
coefficient of the spectral bands of the linear 
triazolobenzotriazine (268a) is highest between 
250-280 nm, next highest between 210-230 nm and lowest 
between 350-370 nm. Thus, it can be seen that there are 
fundamental differences between the spectrum of the solid 
(268a) obtained by diazotisation of the aminotriazole 
(267a) and examples of angular triazolobenzotriazine 
derivatives. Additional evidence that diazotisation of 
the aminotriazole (267a) gives the linear 
triazolobenzotriazole (268a) was obtained by comparing 
(Table 6) the UV spectra of the angular derivatives (212a) 
and (212b) with the mixture of isomeric esters (204) and 
(208). It can be seen that the >'max  of the mixture of the 
esters (204) and (208) do not correlate with the >'max  of 
either the angular triazolobenzotriazines (212a) and 
(212b) or the product from the diazotative cyclisation of 
the aininotriazole (267a) but appear at wavelengths which 
are in between the Xmax of these two different structural 
forms. As the esters (204) and (208) exist as a mixture 
of angular and linear isomeric triazolobenzotriazines, 
this suggests that diazotative cyclisation of the 
aminotriazole (267a) gives the linear 
triazolobenzotriazine (268a). A final piece of evidence 
that the diazotative cyclisation of the aminotriazole 
(267a) gives the linear triazolobenzotriazine (268a), was 
provided by the cleavage (Scheme 55) of this diazotisation 
product in glacial acetic acid to give a yellow solid 
whose elemental analysis and mass spectrum showed it to 
have the molecular formula C 15 H 12N 3 0 8 . Confirmation of 
the triazole cleavage of the triazolobenzotriazine (268a) 
to the acetoxymethylbenzotriazine (270a) was provided by 
its i.r. spectrum which showed strong acetoxy carbonyl 
absorption and by its 1 H n.m.r. spectrum which showed 
signals due to an acetyl methyl group as well as a signal 
due to a benzylic proton. A close examination of the 1 H 
n.m.r. spectrum showed aromatic protons at 67.22 and 67.62 
which can be assigned to H-5 and H-B respectively, on the 
basis that the N(1)=N(2) bond is more deshielding than the 
N(4)=C(3) bond. This difference in the chemical shifts of 
H-5 and H-8 (60.40) of the benzotriazine (270a) is 
enormous compared to the difference in the chemical shifts 
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starting material (268a). 	This is therefore further 
evidence that diazotisation of the aminotriazole (267a) 
gives the linear triazolobenzotriazine (268a) and not the 
angular isomer (269a), because if the latter had been 
formed, one would expect the difference in the chemical 
shifts of H-6 and H-9 to be similar to the difference in 
the chemical shifts of H-5 and H-B of the benzotriazine 
(270a), as both are "benzenoid" structures whose aromatic 
protons are deshielded to different degrees by the 
adjacent substituent(s). In contrast, the linear 
triazolobenzotriazine (268a) is reasonably symmetrical and 
H-6 and H-9 exist in very similar environments and would 
be expected to resonate closer together. 
As discussed previously, the presence of a phenyl 
substituent at C-3(1) of the triazolobenzotriazine ring 
system substantially enhances the stability of the angular 
isomer. It was of interest therefore to examine the 
effect of a phenyl group at C-3(l) on the relative 
stabilities of the angular and linear 
triazolobenzotriazine isomers when an electron donating 
group is attached to C-7. Consequently (Scheme 56), the 
azide (266a) was condensed with benzyl cyanide (233a) to 
give a good yield of a solid whose analytical and 
spectroscopic properties were in full accord with the 
aminotriazole structure (271). The aminotriazole (271) 
was then diazotised to give a yellow product whose 
elemental analysis and mass spectrum showed it to have the 
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molecular formula C 16 H 13N 5 0 2 . 	An examination of the 1 H 
n.m.r. spectrum of this product showed one proton singlets 
at 68.24, 8.06, 7.36 and 7.30 with relative intensities of 
1:1:0.5:0.5. A comparison (Table 1) of these chemical 
shifts with H-6 and H-9 of angular and linear 
triazolobenzotriazine derivatives prepared previously 
suggests that diazotisation of the aminotriazole (271) 
gives a 2:1 mixture of the angular and linear 
triazolobenzotriazines (272) and (273). When a suspension 
of the 2:1 mixture of the angular and linear 
triazolobenzotriazines (272) and (273) was heated in 
diinethylformainide, dimethylsuiphoxide, acetonitrile or 
acetic acid it was observed that the insoluble yellow 
solid changed to a red solid and this red solid dissolved 
immediately. On allowing the resulting red solution to 
cool, maroon coloured crystals were formed and were 
collected. The elemental analysis and mass spectrum of 
this maroon coloured solid were identical to those of the 
yellow solid obtained by work up of the reaction mixture 
from the diazotisation of the aminotriazole (271). 
However, the 1 H n.m.r. spectrum of this maroon coloured 
solid showed it to be a 1:3 mixture of the angular and 
linear triazolobenzotriazines (272) and (273). This 
extraordinary reversal of the ratio of angular to linear 
triazolobenzotriazines, and the remarkable colour change 
apparently associated with this reversal can possibly be 
explained by assuming that the yellow solid is the 
thermodynamic reaction product. 	When this extremely 
insoluble material is heated as a suspension in a solvent 
such as dimethylforinamide, solvation serves to change the 
yellow form to the more soluble red solid, with 
reversal of the ratios of angular and linear 
triazolobenzotriazines. On cooling the red solution, the 
resulting crystals retain the same triazolobenzotriazine 
isomer ratio that exists in the mother-liquor, because the 
energy necessary to induce triazole ring opening, and 
hence reconversion to the isomer ratio shown in the 1 H 
n.m.r. spectrum of the yellow solid, is unavailable at 
room temperature. Evidence to support the suggestion that 
the yellow solid is the thermodynamic product from the 
diazotisation of the aminotriazole (271) is provided by 
the reconversion of the maroon/red solid (1:3 angular to 
linear isomer ratio) to the yellow solid (2:1 angular to 
linear isomer ratio) on heating the former to 2400 in the 
absence of solvent. 
The diazotative cyclisation (Scheme 55) of the 
aminotriazole (267a) to give the linear 
triazolobenzotriazine (268a) exclusively suggests that an 
electron-donating substituent at C-7 of the 
triazolobenzotriazine ring system strongly favours the 
formation of the linear isomer. In order to further 
substantiate this suggestion (Scheme 55), the 
aminotriazole (266b) was condensed with ethyl cyanoacetate 
(202) in the presence of sodium ethoxide to give a good 
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yield of a solid whose analytical and spectroscopic 
properties were in full accord with the aminotriazole 
structure (267b). The aminotriazole (267b) was then 
diazotised to give an excellent yield of a yellow solid 
whose elemental analysis and mass spectrum showed it to 
have the molecular formula C 12 H 9N 5 0 4 . An examination of 
the 1 H n.m.r. spectrum of this product showed singlets due 
to aromatic protons at 67.39 and 67.42 which can be 
correlated with the resonances of the aromatic protons of 
the linear dimethoxytriazolobenzotriazine (268a) at 67.37 
and 67.39. This therefore suggests that diazotisation of 
the aminotriazole (267b) affords the linear 
triazolobenzotriazine (268b) exclusively. A comparison 
(Table 6) of the ultraviolet spectrum of the product from 
the diazotisation of the aminotriazole (267b) with the 
linear triazolobenzotriazine (268a) and the angular 
triazolobenzotriazines (212a) and (212b), also supports 
this assignment. In addition, cleavage of the 
triazolobenzotriazine (268b) gave a high yield of a solid 
whose elemental analysis and mass spectrum were in accord 
with the acetoxymethylbenzotri'azine structure (270b). The 
i.r. spectrum of this product showed a strong acetoxy 
carbonyl band and its 1 H n.m.r. spectrum showed the 
presence of an acetyl methyl group and a benzylic proton, 
thus confirming the formation of the acetoxymethyl 
derivative (270b). The difference in the chemical shifts 
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that observed in the 1 H n.m.r. spectrum of the 
dimethoxybenzotriazine (270b) and is enormous compared to 
the difference in the chemical shifts of H-6 and H-9 of 
the triazolobenzotriazine (268b). As previously discussed 
for the dimethoxytriazolobenzotriazine (268a), this 
therefore is further evidence in support of the assignment 
of the linear structure (268b) to the product of the 
diazotative cyclisation of the aminotriazole (267b). 
As it had been shown (Scheme 55) that electron-
donating groups at C-7 and C-B of the 1,2,3-triazolobenzo-
1,2,4-triazine ring system stabilise the linear isomer 
relative to the angular isomer, it was of interest to 
determine if electron-donation, at the electronically 
equivalent C-6 and C-9 positions, would also have this 
effect. Therefore (Scheme 57), the azide (274) was 
condensed with ethyl cyanoacetate (202) in the presence of 
sodium ethoxide to give a low yield of a solid which was 
fully characterised as the aminotriazole (277). Also 
obtained from the condensation of the azide (274) with 
ethyl cyanoacetate (202) was a moderate yield-of an acidic 
solid whose elemental analysis and mass spectrum showed it 
to have the molecular formula C 13 H 16 N 40 4 . Confirmation 
that this product was the Dimroth rearranged aminotriazole 
(275) was provided by its 1 H n.m.r. spectrum which showed 
two separate and distinct NH signals. The aminotriazole 
(277) was then diazotised to give a low yield of a purple 
solid whose mass spectrum suggested it had the molecular 
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formula C 13 H 13 N 5 0 4 . 	Diazotative cyclisation of the 
aininotriazole (277) was confirmed by the 1 11 n.m.r. 
spectrum of this product which showed the presence of only 
one triazolobenzotriazine isomer. It would be predicted 
that the aromatic protons of the angular 
triazolobenzotriazine isomer (276) would resonate at a 
much lower field than the aromatic protons of the linear 
isomer (278) due to greater deshielding by the benzene 
ring of the former compared to the more bond-fixed ortho-
quinonoid nucleus of the latter. As the aromatic protons 
of the diazotisation product of the aminotriazole (277) 
resonate at a relatively high field (67.21 and 7.29), 
this suggests that the linear triazolobenzotriazine (278) 
is formed in the diazotative cyclisation of the 
aminotriazole (277). Further evidence for this structural 
assignment is provided by a comparison (Table 6) of the 
ultraviolet spectrum of the product from the diazotisation 
of the aminotriazole (277) with the ultraviolet spectra of 
authentic angular and linear triazolobenzotriazine 
derivatives. It can be seen that the overall UV 
absorption (in terms of band position and intensity) of 
(278) closely resembles that of the linear structures 
(268a) and (268b) and differs significantly from that of 
the angular triazolobenzotriazines (212a) and (212b). 
This therefore suggests that the diazotative cyclisation 
of the aminotriazole (277) gives the triazolobenzotriazine 
(278) 
(282) .ft 
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Due to the observations that two electron donating 
substituents attached to the benzene ring of the 
1,2,3-triazolobenzo-1,2,4-triaZifle ring system have 
enormous influence on the relative stabilities of the 
angular and linear isomers, it was decided to examine the 
effects of having three electron donating substituents 
attached to the benzene ring on the isomer ratio. 
Therefore (Scheme 58), the azide (279) was condensed with 
ethyl cyanoacetate (202) in the presence of sodium 
ethoxide to give a good yield of a solid whose analytical 
and spectroscopic properties were in full accord with the 
aminotriazole structure (280a). Diazotisation of the 
aminotriazole (280a) gave a high yield of an orange solid 
whose elemental analysis and mass spectrum showed it to 
have the molecular formula C 14H 15N 5 0 5 . An examination of 
the 'H n.m.r. spectrum of this product confirmed the 
success of the diazotative cyclisation of the 
aminotriazole (280a) and showed the presence of both the 
angular and linear triazolobenzotriazine derivatives 
(281a) and (282a). It might be expected from the 1 H 
n.m.r. spectra of previously prepared 1,2,3-triazolobenzo-
1,2,4-triazine derivatives that H-9 of the angular isomer 
(281a) would resonate at a lower field than H-9 of its 
linear isomer (282a) due to the benzene ring of the former 
being more deshielding than the bond fixed ortho quinonoid 
nucleus of the latter. As the aromatic protons of the 
isomer mixture from the diazotative cyclisation of the 
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aminotriazole (280a) resonate at 67.10 and 67.76 in a 
ratio of 2:1 respectively, this suggests that 
diazotisation of the aminotriazole (280a) gives a 1:2 
mixture of the angular and linear triazolobenzotriazines 
(281a) and (282a). A comparison (Table 1) of the chemical 
shift of H-9 of the angular isomer (281a) with the 
chemical shift of H-9 of other angular 
triazolobenzotriazine derivatives shows excellent 
correlation, once the influence of the two methoxy groups 
attached to C-6 and C-7 of the former structure is taken 
into account. Similarly, although the methoxy group at 
C-6 has a pronounced deshielding effect, H-9 of the linear 
isomer (282a) resonates at a chemical shift close to the 
chemical shift of the linear triazolobenzotriazine (268a). 
It has been previously shown (Scheme 42) that the 
mixture of isomeric esters (204) and (208) can be 
hydrolysed to afford the angular sodium 
triazolobenzotriazine carboxylate (212a) exclusively. It 
was of interest therefore (Scheme 58), to determine if the 
hydrolysis of the isomeric ester mixture of (281a) and 
(282a) would give the angular sodium carboxylate (283) 
exclusively. However, due to the extreme water solubility 
of the hydrolysis product, insufficient characterisable 
material could be obtained from the reaction of the 
mixture of isomeric esters (281a) and (282a) with dilute 
aqueous alkali in methanol. This problem of not being 
able to isolate, the hydrolysis product(s) of the isomeric 
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ester mixture of (281a) and (282a), due to the water 
solubility of the former, was overcome by the reaction of 
the isomer mixture of (281a) and (282a) with sodium 
methoxide in methanol which contained a trace of water, to 
give an unstable solid whose i.r. spectrum showed broad 
carboxylate absorption of 3500-2700 cm -1 . An examination 
of the 1 H n.m.r. spectrum of this solid in D 2  0 confirmed 
that hydrolysis of the mixture of isomeric esters (281a) 
and (282a) to a mixture of the sodium carboxylate 
derivatives (283) and (284) has occurred. As it would be 
predicted that H-9 of the angular isomer (283) would 
resonate at a lower field than H-9 of the linear isomer 
(284), the signals at 57.3 and 56.88, in the 1 H n.m.r. 
spectrum of the product from the hydrolysis of the ester 
mixture of (281a) and (282a), were assigned to H-9 of the 
angular and linear sodium carboxylate derivatives (283) 
and (284) respectively. This therefore suggests that 
hydrolysis of the ester mixture of (281a) and (282a) gives 
a 2:1 mixture of the isomeric sodium salts (283) and (284) 
because the integration values of the signals at 57.43 and 
56.88 are in the ratio of 2:1 respectively. 
The influence of a phenyl substituent at C-3(l) of the 
1,2,3-triazolobenzo-1,2,4-triazine ring system in 
enhancing the stability of the angular isomer relative to 
the linear isomer has been previously discussed. As 
hydrolysis of the ester mixture of (281a) and (282a) to 
the mixture of sodium carboxylate derivatives (283) and 
(284) results in an increase in the proportion of the 
angular triazolobenzotriazine isomer relative to the 
linear isomer, it was of interest to examine the effect(s) 
of a phenyl substituent at C-3(l) of this heterocyclic 
system. Therefore (Scheme 58) the azide (279) was 
condensed with benzyl cyanide in the presence of sodium 
ethoxide to give a good yield of a solid which was fully 
characterised analytically and spectroscopically as the 
aminotriazole (280b). Diazotisation of the aminotriazole 
(280b) gave a high yield of a yellow solid whose elemental 
analysis and mass spectrum showed it to have the molecular 
formula C l ?H 1 SNS 0 3. An examination of the 1 H n.m.r. 
spectrum of this product confirmed the presence of both 
the angular and linear triazolobenzotriazine derivatives 
(281b) and (282b). It would be predicted from previously 
prepared 1,2,3-triazolobenzotriazine derivatives that H-9 
of the angular isomer (281b) would resonate at a lower 
field than H-9 of the linear isomer (282b). Consequently, 
the signals in the 1 H n.m.r. spectrum of the product from 
the diazotative cyclisation of the aminotriazole (280b) at 
7.77 and 67.15 are assigned to H-9 of the angular and 
linear triazolobenzotriazine derivatives (281b) and (282b) 
respectively. From the relative intensities of these 
signals, it appears that diazotisation of the 
aminotriazole (280b) gives a 2:1 mixture of the angular 
and linear isomers (281b) and (282b) respectively. 
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It has been previously shown that diazotisation 
(Scheme 41) of the amino-3-methoxyphenyltriazole (203b) 
gives a 2:1 mixture of the angular and linear 
triazolobenzotriazines (204) and (208) and that 
diazotisation (Scheme 53) of the amino-3,5-
dimethoxyphenyltriazole (258a) gives a 2:1 mixture of the 
angular and linear isomeric esters (259b) and (260b). As 
the mixture of 6,8-dimethoxy-1,2,3-triazolobenzotriazine 
derivatives (259b) and (260b) contains the same isomer 
ratio as the mixture of 8-methoxytriazolobenzotriazines 
(204) and (208) this suggests that a methoxy group at C-6 
has little influence on the relative stability of the 
angular and linear isomers (259b) and (260b). It might be 
predicted that as the amino-3,4-dimethoxyphenyltriazole 
(267a) gives the linear triazolobenzotriazine (268) 
exclusively, the aminotriazole (280a) would undergo 
diazotative cyclisation to give the linear 
triazolobenzotriazine (282a) exclusively. A possible 
explanation for the seemingly anomalous result, whereby 
diazotisation of the aminotriazole (280a) gives a 1:2 
mixture of the angular and linear triazolobenzotriazines 
(281a) and (282a), could be that steric crowding of the 
methoxy group at C-7 of the linear isomer (282a), by the 
other two methoxy groups, forces it out of the plane of 
the benzene ring. As a consequence of the methoxy group 
at C-7 being pushed out of the plane of the benzene ring, 
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hence its ability to stabilise the linear isomeric form 
would also be lessened. 
It has been discussed previously (pages 59-62) that it 
is believed that the angular and linear 1,2,3-
triazolobenzo-1,2,4-triazine isomeric forms exist in 
thermodynamic equilibrium. Further evidence in support of 
this theory was obtained (Fig. 4) by variable temperature 
'H n.m.r. spectroscopic examination of the mixture of 
angular and linear triazolobenzotriazines (281a) and 
(282a). It can be seen from this experiment that the 
aromatic CH signals gradually coalesce until at 134 0 only 
one aromatic CH signal is visible. When the solution is 
cooled from 134 0 to 20 0 , the 'H n.m.r. spectrum of the 
resulting solution was found to be identical to the 'H 
n.m.r. spectrum of the mixture of the angular and linear 
triazolobenzotriazine derivatives (281a) and (282a) before 
it was heated. There are two possible interpretations of 
these results. Firstly, it is possible that when the 
mixture is heated, the angular and linear isomers 
interconvert and at 134 0 they are interconverting at a 
faster rate than detectable on the n.m.r. timescale. Thus 
it is possible that the spectrum at 134 0 is a time 
averaged mixture of the two triazolobenzotriazine 
derivatives. A second interpretation could be that both 
the angular and linear triazolobenzotriazine derivatives 
(281a) and (282a) undergo ring opening on heating, to form 
an open chain diazo intermediate analogous to the diazo 
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species (207) formulated in Scheme 41. The diazo species 
on cooling from 134° would undergo cyclisation to give the 
most thermodynamically stable ratio of the angular and 
linear triazolobenzotriazine isomers (281a) and (282a). 
If, as previously discussed, diazotative cyclisation of 
the aminotriazole (280a) gives the most thermodynamically 
stable ratio of the angular and linear isomers (281a) and 
(282a), it would be predicted that a diazo species 
generated by thermal ring opening of these 
triazolobenzotriazine derivatives would recyclise to give 
an identical ratio of isomers to that observed before 
heating. Regardless of which of these two interpretations 
is correct, the existence of only one CH signal at 134 0 
strongly supports the suggestion that the angular and 
linear triazolobenzotriazine derivatives (281a) and (282a) 
are in thermodynamic equilibrium. 
An analysis of the apparent effect of substituents on 
the relative ratios of angular and linear isomers of the 
1,2,3-triazolobenzo-1,2,4-triazine ring system allows 
several generalisations to be made. Firstly, electron-
withdrawal at C-3(1) of a 1,2,3-triazolobenzo-1,2,4-
triazine derivative ensures that at least a small 
proportion of the linear isomer will be present. 
Increasing the electron withdrawing power at C-3(1) 
increases the relative stability of the linear 
1,2, 3-triazolobenzo-1, 2 ,4-triazine isomer compared to the 
angular isomer to a certain extent. However, it does not 
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appear to be possible to exclusively form the linear 
isomer simply by increasing electron withdrawal at C-3(l) 
of the triazolobenzotriazine ring system. The greater 
stability of the linear isomer when an electron 
withdrawing group is attached to the triazole ring can 
possibly be attributed to the unstable nature of the 
nitrogen-nitrogen double bond [N(4)=N(5)] of the angular 
isomer. it is known 83 ' 84 in benzo-1,2,4-triazepine 
chemistry that a nitrogen-nitrogen double bond will 
tautomerise wherever possible to form a more stable 
carbon-nitrogen double bond. However for tautomerism to 
occur in the 1,2,3-triazolobenzo-1,2,4-triazine ring 
system, it is necessary to lose the aromatic stabilisation 
of the benzene ring. When an electron-withdrawing group 
is attached to the triazole ring of a 1,2,3-triazolobenzo-
1,2,4-triazine derivative, it might be predicted that such 
a substituent would distort the ir-bond overlap of the 
N(4)-N(5) double bond by pulling the electrons of this 
bond towards the triazole ring. This increased 
destabilisation of the N(4)-N(5) double bond might then be 
sufficient to overcome the loss of the aromatic 
stabilisation of the benzene ring in the molecule thus 
promoting tautomerism to the linear isomer. In addition, 
this tautomerism would be helped by the well documented 
ability 41 of electron withdrawing groups, which are 
attached to the triazole ring of a bridgehead-fused 
1,2,3-triazole derivative, to reduce the energy necessary 
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for triazole ring opening to occur. In the absence of an 
electron-withdrawing substituent on the triazole ring, it 
might be predicted that the loss of the aromatic 
stabilisation energy of the benzene ring, together with 
the known reluctance of bridgehead-fused 1,2,3-triazoles 
without an electron-withdrawing group attached to the 
triazole ring to undergo triazole ring opening, would 
inhibit the formation of the linear triazolobenzotriazine 
isomer. Secondly, increasing the electron donating power 
of the substituent attached to C-8 appears to increase the 
relative stability of the angular isomer. The increased 
stability of this isomer relative to the alternative 
linear isomer can possibly be attributed to the 
sübstituent at C-8 counteracting any destabilisation of 
the angular isomer by the substituent attached to C-3(1) 
of the 1,2,3-triazolobenzo-1,2,4-triazine ring system. 
Thirdly, electron-donation at C-7 of the 1,2,3-
triazolobenzo-1,2,4-triazine ring system appears to have 
either a major destabilising effect on the angular isomer 
or a major stabilising influence on the linear isomer. 
The effect of electron-donation at C-7 on the relative 
stabilities of angular and linear tetrazolobenzo-1,2,4-
triazine derivatives has been previously reported by 
Castillon and Melendez. 75  However, these authors have not 
accounted for the increase in the relative stability of a 
linear tetrazolobenzotriazine isomer when an electron 
donating substituent is attached to C-7. The diazotative 
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cyclisation (Scheme 55) of the aminotriazoles (267 a and 
b) to give the linear triazolobenzotriazine derivatives 
(268 a and b) exclusively can possibly be attributed to 
the destabilising effect of electron-donation at C-7 on 
the angular isomers (269 a and b). It can be seen by 
examination of the angular triazolobenzotriazine (269a) 
that the electron-donating methoxy group at C-7 would 
increase the electron density of the relatively electron 
rich N-10 and would thus destabilise this isomer. In 
contrast, the increase in the electron density of N-5 of 
the linear isomer (268a), as a result of electron donation 
by the methoxy group at C-7, would be stabilised by the 
adjacent electron-withdrawing triazole group. As a 
result, the linear isomer (268a) might be predicted to be 
more stable than the alternative angular isomer (269a). 
2.3 STUDIES OF NOVEL NUCLEOPHILIC SUBSTITUTION REACTIONS 
OF 1,2, 3-TRIAZOLOBENZO-1, 2 .4-TRIAZINE DERIVATIVES 
It has been previously discussed (Section 2.2, page 
47, Scheme 42) that reaction of the mixture of isomeric 
esters (204) and (208) with 2M aqueous sodium hydroxide in 
ethanol gave an intractable solid, whose 1 H n.m.r. 
spectrum suggested it was a mixture of the isomeric 
8-ethoxy-1,2,3-triazolobenzo-1,2,4-triazine carboxylic 





























70 % HCI04(aq),EtOH,reflux. 
Scheme 59 
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intractability of this solid, no further characterisation 
was possible. Therefore (Scheme 59), an attempt was made 
to decarboxylate the mixture of isomeric acids (209a) and 
(210a) to the 3-unsubstituted triazole derivative (286) in 
the hope that the latter could be characterised and thus 
confirm the formation of the acid mixture of (209a) and 
(210a) from the ester mixture of (204) and (208). 
However, when the mixture of the isomeric acids (209a) and 
(210a) was heated in dimethylformamide, no identifiable 
material could be obtained from the reaction mixture. It 
was then decided to attempt to cleave the mixture of 
isomeric acids to functionalised 3-methylbenzotriazine 
derivatives. Therefore, the mixture of the acids (209a) 
and (210a) was heated with acetic acid to give a moderate 
yield of a yellow solid whose elemental analysis and mass 
spectrum showed it to have the molecular formula 
C 12 H 13 N 3 0 3 . An examination of the 1 H n.m.r. spectrum of 
this solid showed the triplet-quartet signals 
characteristic of an ethoxy group, a signal due to an 
acetyl methyl group, two benzylic type protons and three 
aromatic protons. The aromatic protons of this cleavage 
product resonated as an ortho coupled doublet at 68.32, a 
double doublet at 67.45 and a meta coupled doublet at 
67.15 and confirmed the formation of the 6-ethoxybenzo-
1,2,4-triazine (285a). Although the cleavage of the 
acidic solid obtained by alkaline hydrolysis of the 
mixture of isomeric esters (204) and (208) in ethanol, to 
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the acetoxymethylbenzotriazine 	(285a) 	confirms 	the 
formation of the mixture of ethoxy substituted carboxylic 
acid derivatives (209a) and (210a) in the hydrolysis 
reaction, it was decided to further examine the cleavage 
reactions of these acids. Therefore, the mixture of 
isomeric carboxylic acids (209a) and (210a) was heated 
with acetyl chloride in acetic acid and the reaction 
mixture worked up to give a low yield of the 
acetoxymethylbenzotriazine (285a) as well as a moderate 
yield of a yellow solid which was fully characterised as 
the chloromethylbenzotriazine (285b). In addition, a low 
yield of a solid, whose elemental analysis and mass 
spectrum showed it to have the molecular formula 
C 10H 9 C1 2 N 30, was obtained. The formation of the 
7chloro-3-chioroinethyi-6-ethoxybenzo-1, 2,4-trlazine (287) 
was confirmed by the 1 H n.m.r. spectrum of the product 
which showed the presence of two aromatic protons, both of 
which appeared as singlets. The formation of the dichioro 
species (287) is analogous to the chlorination and 
bromination (Scheme 43) of the benzene ring observed on 
reaction of the mixture of carboxylic acids (209b) and 
(210b) with acetyl halides in acetic acid as discussed 
previously, (see Section 2.3, page 48). When the mixture 
of the isomeric carboxylic acids (209a) and (210a) was 
heated with ethanol in the presence of 70% w/v perchloric 
acid, cleavage occurred to give a moderate yield of a 
solid product whose combustion analysis and spectroscopic 
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properties were in accord with the 6-ethoxy-3-
ethoxymethylbenzo-1,2 ,4-triazine (285c). 
The concomitant displacement of the methoxy groups at 
C-8 with ester hydrolysis, when the mixture of isomers 
(204) and (208) was heated with 2M aqueous sodium 
hydroxide in ethanol is presumably nucleophilic in nature 
since, as previously discussed (Section 2.2, page 51) 
electrophilic attack occurs preferentially at C-7 and not 
C-8. The observation of a substrate undergoing 
nucleophilic attack in a solution of aqueous sodium 
hydroxide, in an alcohol, to form an ether, is not as 
unusual as it may first appear and indeed this type of 
reaction is well documented. 80 It was reported by 
Richardson8 1 as far back as 1926 that the treatment of 
4-chloronitrobenzene with a solution of potassium 
hydroxide in a 6:4 mixture of ethanol and water gave a 71% 
yield of 4-ethoxynitrobenzene and a 13% yield of 
4-nitrophenol. Although the percentage of ethoxide ion 
generated in an ethanolic solution of aqueous sodium 
hydroxide may be extremely small, it is obvious from the 
work of Richardson8 1 that the relative nucleophilicities 
of ethoxide ion compared to hydroxide ion is more 
important than their relative abundance in the reaction 
mixture. In addition, it has been shown 8 ° that alkoxide 
ions can react up to several hundred times faster than 
hydroxide ion. It is not surprising therefore that the 
mixture of isomeric esters (204) and (208) would undergo 
(260b) 
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nucleophilic attack by ethoxide ion to form the mixture of 
ethoxy-substituted carboxylic acids (209a) and (210a) 
rather than the corresponding 8-hydroxybenzotriazine 
carboxylic acid derivatives. 
The reaction of the mixture of 8-methoxy-1,2,3-
triazolobenzotriazine esters (204) and (208) with ethoxide 
ion could only occur at C-8 due to the absence of a 
suitable leaving group at the other positions of the 
benzene ring of the triazolobenzotriazine ring system. It 
was of interest therefore to examine the regioselectivity 
of nucleophilic attack on the benzene ring of this 
heterocycle. Therefore (Scheme 60), ethyl 7,8-dimethoxy-
1,2, 3-triazolo[l, 5-b]benzo-1, 2, 4-triazine-l-carboxylate 
(268a) was heated in a solution of 2M aqueous sodium 
hydroxide in ethanol and the reaction mixture was worked 
up to give an acidic solid whose elemental analysis and 
spectroscopic properties were in accord with the 
8-ethoxytriazolobenzotriaz me carboxylic acid structure 
(289c). 	However, it was not possible to exclude the 
possibility that ether exchange had occurred at C-7, 
rather than C-8, to give 7-ethoxy-8-methoxy-1,2,3- 
triazolo{1,5-bJbenzo-1,2,4-triazine-1-carboxylic 	acid. 
Therefore, the acidic hydrolysis product was reacted with 
acetic acid to give a yellow solid whose elemental 
analysis and mass spectrum suggested it had the molecular 
formula C 13 H 15 N 30 4 . 	An examination of the 1 H n.m.r. 
spectrum of this material confirmed that cleavage had 
C(4a) - C(S) 
C(S) - C(6) 
0(6) - C(6) 
C(S) - C(6) 
C(7) - C(6) 
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Table 7. Bond Length (A°) with Standard Deviations 
N(l) - N(2) 1.323( 4) C(7) - C(8) 1.358( 5) 
N(l) -C(8a) 1.348( 4) C(8) -C(8a) 1.443( 5) 
N(2) - C(3) 1.357( 5) C(8) - 0(8) 1.348( 4) 
C(3) - N(4) 1.305( 4) C(9) -0(10) 1.430( 5) 
C(3) - C(9) 1.504( 5) 0(10) -C(ll) 1.344( 5) 
N(4) -C(4a) 1.370(  C(ll) -0(11) 1.201( 5) 
C(4a) - C(5) 1.391(  C(ll) -C(12) 1.479(  
C(4a) - C(8a) 1.415( 5) 0(6)  1.439( 5) 
C(S) - C(6) 1.383( 5) C(61)  1.495( 6) 
C(6) - C(7) 1.420( 5) 0(8) -C(81) 1.435( 5) 
C(6) - 0(6) 1.347( 4) 
Table 8. Angles (degrees) and Torsion Angles (degrees) 
with Standard Deviations 
N(2) - N(l) -C(8a) 118.7( 3) C(7) - C(8) -C(8a) 119.1( 3) 
N(1) - N(2) - C(3) 117.9( 3) C(7) - C(8) - 0(8) 125.8( 3) 
N(2) - C(3) - N(4) 127.7( 3) C(8a) - C(8) - 0(8) 115.1( 3) 
N(2) - C(3) - C(9) 111.7( 3) N(l) -C(8a) -C(4a) 121.7( 3) 
N(4) - C(3) - C(9) 120.6( 3) N(l) -C(8a) - C(8) 119.6( 3) 
C(3) - N(4) -C(4a) 115.4( 3) C(4a) -C(8a) - C(8) 118.8( 3) 
N(4) -C(4a) - C(S) 119.7( 3) C(3) - C(9) -0(10) 109.2( 3) 
N(4) -C(4a) -C(8a) 118.6( 3)  -0(10) -C(ii) 116.0(  
C(5) -C(4a) -C(8a) 121.7( 3) 0(10) -C(11) -0(11) 122.1(  
C(4a) - C(5) - C(6) 117.9( 3) 0(10) -C(11) -C(12) 111.9( 4) 
C(5) - C(6) - C(7) 122.0( 3) 0(11) -C(11) -C(12) 126.0( 4) 
C(S) - C(6) - 0(6) 124.9( 3) C(6) - 0(6)  118.4( 3) 
C(7) - C(6) - 0(6) 113.1( 3) 0(6) -C(61)  107.2( 3) 
C(6) - C(7) - C(8) 120.5( 3)  - 0(8) -C(81) 116.5( 3) 
	
C(8a) - N(1) - N(2) - C(3) 	-0.8( 5) 
N(2) - N(1) -C(8a) -C(4a) 2.0( 5) 
N(2) - N(1) -C(8a) - C(8) -176.4( 3) 
N(1) - N(2) - C(3) - N(4) 	-0.9( 5) 
- N(2) - C(3) - C(9) 178.3( 3) 
- C(3) - N(4) -C(4a) 	1.4( 5) 
C(9) - C(3) - N(4) -C(4a) -177.7( 3) 
N(2) - C(3) - C(9) -0(10) -175.5( 3) 
N(4) - C(3) - C(9) -0(10) 3.7( 5) 
C(3) - N(4) -C(4a) - C(5) 178.4( 3) 
C(3) - N(4) -C(4a) -C(8a) -0.2( 4) 
N(4) -C(4a) - C(S) - C(6) -178.1( 3) 
C(8a) -C(4a) - C(5) - C(6) 	0.5( 5) 
N(4) -C(4a) -C(8a) - N(1) -1.5( 5) 
N(4) -C(4a) -C(8a) - C(8) 176.9( 3) 
C(5) -C(4a) -C(8a) - N(l) 179.9( 3) 
C(5) -C(4a) -C(8a) - C(8) 	-1.7( 5) 
C(4a) - C(5) - C(6) - C(7) 0.8( 5) 
EtO. 	 ,CH20AC 
FIGURE 5 
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occurred 	to 	give 	a 	3-acetoxymethylbenzotriazine 
derivative. However, it was not possible to positively 
assign the positions of the ethoxy or methoxy groups on 
the molecule, by n.m.r. spectroscopy. As it is known 82 
that C-7 of the benzo-1,2,4-triazine ring system is 
extremely unsusceptible to nucleophilic substitution, it 
would be predicted that concomitant ether exchange and 
ester hydrolysis of the triazolobenzotriazine derivative 
(268a) would give the carboxylic acid (289c), and 
this in turn could undergo cleavage to give the 
acetoxymethylbenzotriazine (290c). This prediction was 
proved correct by an X-ray analysis (Fig. 5) of the 
acetoxymethylbenzotriazine (290c). 
It was largely unsurprising that the methoxy group at 
C-B, rather than at C-7, would be displaced on reaction of 
the ester (268a) with aqueous sodium hydroxide in ethanol 
given that it is known 82 that C-7 of benzo-1,2,4-triazine 
derivatives is extremely unsusceptible to nucleophilic 
attack. It was decided therefore to examine the 
regioselectivity of nucleophilic attack on the benzene 
ring of a triazolobenzotriazine derivative in which two 
electronically similar sites could undergo nucleophilic 
attack. Therefore (Scheme 60), the mixture of isomeric 
esters (259b) and (260b) were heated with 2M aqueous 
sodium hydroxide in ethanol, and the reaction mixture was 
worked up to give a multi-component, intractable, acidic 
solid. This acidic material was reacted with glacial 
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acetic aid and the resulting tar was chromatographed to 
give low yields of two yellow solids. The least polar of 
these two solids was fully characterised as the 3-
acetoxymethyl-6,8-diethoxybenzotriazine (290b). Elemental 
analysis of the second product suggested it had the 
molecular formula C 1 3H 1 5N 30 4 and this was supported by the 
mass spectrum which showed a molecular ion at m/z (Elms), 
277. An examination of the 1 H n.m.r. spectrum of this 
material showed the presence of an acetoxy group, a 
methoxy group, the triplet-quartet signals characteristic 
of an ethoxy group, two benzylic type protons and two 
aromatic protons. Although this 1 H n.m.r. spectrum is 
consistent with the 6-ethoxy-8 -methoxybenzotriaz me 
(290a), it was not possible to exclude the possibility of 
the formation of an 8-ethoxy-6-methoxybenzotriazine 
derivative by 1 H n.m.r. spectroscopy. It might be 
predicted that the methoxy group at C-8 of the isomeric 
esters (259b) and (260b) would be more susceptible to 
nucleophilic displacement than the methoxy group at C-6 
due to the possibility of repulsion of the incoming 
nucleophile by the electron lone pair at N-5. This 
therefore suggested that the reaction of the mixture of 
esters (259b) and (260b) with 2M aqueous sodium hydroxide 
in ethanol gives a mixture of the angular 
triazolobenzotriazine carboxylic acids (288 a and b) and 
the linear triazolobenzotriazine derivatives (289 a and b) 
and that the cleavage of this mixture gives the 
3-acetoxymethylbenzotriazine derivatives (290 a and b). 
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Table 9. Bond Lengths (A) with Standard Deviations 
N(l) - N(2) 1.323( 6) C(5a) -C(9a) 1.416( 6) 
N(l) -N(10) 1.340( 6) C(6) - C(7) 1.370( 7) 
N(2) - C(3) 1.364( 6) C(7) - C(8) 1.415( 7) 
C(3) -C(3a) 1.381( 6) C(8) - C(9) 1.379( 7) 
C(3) -C(31) 1.471(  C(8) -0(81) 1.356( 6) 
C(3a) - N(4) 1.384(  C(9) -C(9a) 1.359( 6) 
C(3a) -N(10) 1.375( 6) C(9a) -N(l0) 1.383( 6) 
N(4) - N(5) 1.294( 6) 0(81) -C(82) 1.446( 6) 
N(5) -C(5a) 1.390( 6) C(82) -C(83) 1.472( 9) 
C(5a) - C(6) 1.388( 7) 
Table 10. Angles (degrees) and Torsion Angles (degrees) 
with Standard Deviations 
N(2) - N(l) - N(0) 106.1( 4) C(7) - C(8) - C(9) 121.1( 4) 
N(1) - N(2) - C(3) 110.6( 4) C(7) - C(8) -0(81) 123.6( 4) 
N(2) - C(3) -C(3a) 107.5( 4) C(9) - C(8) -0(81) 115.2( 4) 
N(2) - C(3) -C(31) 122.2( 4) C(8) - C(9) -C(9a) 118.2( 4) 
C(3a) - C(3) -C(31) 130.3( 4) C(5a) -C(9a) - C(9) 122.9( 4) 
C(3) -C(3a) - N(4) 134.1( 4) C(5a) -C(9a) -N(lO) 113.4( 4) 
C(3) -C(3a) -N(lO) 104.2( 4) C(9) -C(9a) -N(lO) 123.7( 4) 
N(4) -C(3a) -N(lO) 121.8( 4) N(1) -N(lO) -C(3a) 111.6( 4) 
C(3a) - N(4) - N(5) 119.0( 4) N(l) -N(10) -C(9a) 126.6( 4) 
N(4) - N(5) -C(5a) 120.6( 4) C(3a) -N(lO) -C(9a) 121.8( 4) 
N(S) -C(5a) - C(6) 119.2( 4 1) C(3) -C(31) -C(32) 119.7( 3) 
N(5) -C(5a) -C(9a) 123.5( 4) C(3) -C(31) -C(36) 120.3( 4) 
C(6) -C(5a) -C(9a) 117.3( 4) C(8) -0(81) -C(82) 109.0( 4) 
C(5a) - C(6) - C(7) 121.4( 5) 0(81) -C(82) -C(83) 105.2( 5) 
C(6) - C(7) - C(8) 119.1( 4) 
N(10) - N(1) - N(2) - C(3) 0.0( 5) N(5) -C(5a) - C(6) - C(7) 179.2(  
N(2) - N(1) -N(lO) -C(3a) 0.2(  C(9a) -C(5a) - C(6) - C(7) -1.2( 7) 
N(2) - N(l) -N(10) -C(9a) -178.7( 4) N(5) -C(5a) -C(9a) - C(9) -178.0( 4) 
N(l) - N(2) - C(3) -C(3a) -0.2( 5) N(S) -C(5a) -C(9a) -N(10) 0.2( 6) 
N(1) - N(2) - C(3) -C(31) -179.0( 4) C(6) -C(5a) -C(9a) - C(9) 2.5( 7) 
N(2) - C(3) -C(3a) - N(4) -178.9( 5) C(6) -C(5a) -C(9a) -N(10) -179.3( 4) 
N(2) - C(3) -C(3a) -N(lO) 0.3( 5) C(5a) - C(6) - C(7) - C(8) 0.3( 7) 
C(31) - C(3) -C(3a) - N(4) -0.2( 9) C(6) - C(7) - C(8) - C(9) -0.5( 7) 
C(31) - C(3) -C(3a) -N(lO) 179.0( 4) C(6) - C(7) - C(8) -0(81) -178.4( 4) 
N(2) - C(3) -C(31) -C(32) 9.6( 6) C(7) - C(8) - C(9) -C(9a) 1.7( 7) 
N(2) - C(3) -C(31) -C(36) -170.6( 4) 0(81) - C(8) - C(9) -C(9a) 179.7( 4) 
C(3a) - C(3) -C(31) -C(32) -168.9( 4) C(7) - C(8) -0(81) -C(82) -5.3( 7) 
C(3a) - C(3) -C(31) -C(36) 10.8( 6) C(9) - C(8) -0(81) -C(82) 176.8( 4) 
C(3) -C(3a) - N(4) - N(5) -179.3( 5) C(8) - C(9) -C(9a) -C(5a) -2.7( 7) 
N(10) -C(3a) - N(4) - N(S) 1.7( 6) C(8) - C(9) -C(9a) -N(lO) 179.2( 4) 
C(3) -C(3a) -N(10) - N(l) -0.3( 5) C(5a) -C(9a) -N(10) - N(1) 179.8( 4) 
C(3) -C(3a) -N(10) -C(9a) 178.7( 4) C(5a) -C(9a) -N(lO) -C(3a) 1.0( 6) 
N(4) -C(3a) -N(lO) - N(1) 179.0( 4) G(9) -C(9a) -N(10) - N(1) -1.9( 7) 
N(4) -C(3a) -N(10) -C(9a) -2.0(  C(9) -C(9a) -N(lO) -C(3a) 179.2( 4) 
C(3a) - N(4) - N(S) -C(5a) -0.4( 6) C(3) -C(31) -C(32) -C(33) 179.7( 3) 
N(4) - N(S) -C(5a) - C(6) 179.0( 4) C(3) -C(31) -C(36) -C(35) -179.7( 3) 





The formation of the 6-ethoxy-8-methoxybenzotriazine 
(290a) was confirmed by an X-ray analysis (Fig. 6) of the 
second cleavage product of the mixture of acids (288 a and 
b) and (289 a and b). 
As the mixtures of triazolobenzotriazine derivatives 
(204) and (208), (259b) and (260b) , and (268a) had been 
shown to be susceptible to nucleophilic substitution at 
C-6 and/or C-8, it was of interest to determine if 
nucleophilic displacement of substituents attached to 
these positions of the triazolobenzotriazine ring system 
is a property exclusive to this heterocycle or if it is a 
property of benzo-1,2,4-triazine derivatives in general. 
Therefore (Scheme 61) 6-methoxy-3-methylbenzo-1, 2,4-
triazine (211e) was reacted with 2M aqueous sodium 
hydroxide in ethanol. The reaction mixture was worked up 
to give a high yield of a solid whose analytical and 
spectroscopic properties were in full accord with the 
6-ethoxybenzotriazine structure (292). This result 
suggests 	that 	the 	nucleophilic 	displacement 	of 
substituents attached to the benzene ring of 
triazolobenzotriazine derivatives is as a result of 
activation by the fused 1,2,4-triazine nucleus. The 
susceptibility of substituents ortho or para to the 
azo-group nitrogen atoms (N-4 and N-5 of the 
triazolobenzotriazine ring system or N-1 and N-2 of the 
benzotriazine ring system) to undergo nucleophilic 
displacement reactions is readily explained by the 
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extremely high electron withdrawing capability of 
azo-substituents. 94 Indeed the electron-withdrawing 
capability of an azo group can equal that of a nitro group 
in many cases. 94 
It has been previously discussed that alkoxide ions 
are, in general, much better nucleophiles than hydroxide 
ion. Therefore (Scheme 62), an attempt was made to 
prepare the phenol derivatives (293) and (294) by the 
reaction of the mixture of isomeric esters (204) and (208) 
with 2M aqueous sodium hydroxide in ethyleneglycol 
dimethylether. It was hoped that the absence of any 
competing alkoxide ions in the reaction mixture would 
induce displacement of the methoxy groups by hydroxide 
ion, concomitant with ester hydrolysis. However, work up 
of the reaction mixture gave only the previously prepared 
(Scheme 42) mixture of isomeric carboxylic acids (209b) 
and (210b). There are two plausible explanations for the 
failure of the mixture of isomeric esters (204) and (208) 
to undergo nucleophilic displacement of the methoxy groups 
at C-8 by hydroxide ion, concomitant with ester 
hydrolysis. Firstly, it is possible that hydroxide ion is 
such a weak nucleophile that attack at C-8 does not occur. 
Secondly, that attack at C-8 does occur to give an 
intermediate which can eliminate (see Scheme 64 for the 
proposed mechanism for the nucleophilic substitution of 
the analogous non bridgehead-fused benzo-1,2,4-triazine 
nucleus) either hydroxide or methoxide, and because 
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hydroxide is the better leaving group, 8 ° no displacement 
of the methoxy group occurs. The correct explanation for 
the failure of the mixture of the isomeric esters (204) 
and (208) to undergo nucleophilic displacement of the 
methoxy groups at C-8 may however be due to a combination 
of hydroxide being a weaker nucleophile and also a better 
leaving.group than alkoxide ions. 
As hydroxide ion is a better leaving group than 
alkoxide ions, it was decided to attempt (Scheme 62) to 
displace the hydroxy groups of the mixture of isomeric 
esters (248) and (249) with ethoxide ion. Therefore, the 
mixture of the esters (248) and (249) was heated in a 
solution of 2M aqueous sodium hydroxide in ethanol. 
However, work up of the reaction mixture gave only an 
intractable multi-component, acidic solid whose 1 H n.m.r. 
spectrum showed a complete absence of the triplet-quartet 
signals characteristic of the protons of an ethoxy group. 
The failure of the mixture of isomeric phenolic esters 
(248) and (249) to be converted to the mixture of 
8-ethoxy-1, 2, 3-triazolobenzotriazine carboxylic acids 
(209a) and (210a) in 2M sodium hydroxide and ethanol is 
unsurprising as under the reaction conditions, the mixture 
of. phenols (248) and (249) would exist as the sodium 
phenolates which would be unreactive to displacement by 
ethoxide ion. 
Due to the complication of ester hydrolysis 
accompanying the nucleophilic substitution of ethyl 
C(4a) - C(S) - C(6) 
C(S) - C(6) - C(7) 
C(S) - C(6) - C(7) 
0(6) - C(6) - C(7) 
0(6) - C(6) - C(7) 
C(5) - C(6) - 0(6) 
C(7) - C(6) - 0(6) 
C(6) - C(7) - C(8) 
0(7) - C(7) - C(8) 
C(6) - C(7) - 0(7) 
C(8) - C(7) - 0(7) 
C(7) - C(8) -C(8a) 
C(7) - C(8) -C(8a) 
C(3) - C(9) -0(10) 
C(9) -0(10) -C(11) 
C(9) -0(10) -C(ll) 




































Table 11. Bond Lengths (A) with Standard Deviations 
N(l) - N(2) 1.342( 	9) C(7) - C(8) 1.340(10) 
N(l) -C(8a) 1.348(10)  - 0(7) 1.353( 	9) 
N(2) - C(3) 1.356(10)  -C(8a) 1.424(10) 
C(3) - N(4) 1.328(10)  -0(10) 1.447(10) 
C(3) - C(9) 1.494(11) 0(10) -C(ll) 1.320(12) 
N(4) -C(4a) 1.348(10) C(11) -0(11) 1.193(14) 
C(4a) - C(S) 1.394(10) C(11) -C(12) 1.492(13) 
C(4a) -C(8a) 1.429(10) 0(6) -C(61) 1.448( 	9) 
C(5) - C(6) 1.365(10) C(61) -C(62) 1.498(11) 
C(6) - C(7) 1.460(11) 0(7) -C(71) 1.448( 	9) 
C(6) - 0(6) 1.348( 	9) 
Table 12. Angles (degrees) and Torsion Angles (degrees) 
with Standard Deviations 
N(2) - N(l) -C(8a) 119.3( 6) 	. C(6) - C(7) - 0(7) 112.4( 6) 
N(1) - N(2) - C(3) 117.5( 6) C(8) - C(7) - 0(7) 127.2( 7) 
N(2) - C(3) - N(4) 127.2( 7) C(7) - C(8) -C(8a) 119.2( 7) 
N(2) - C(3) - C(9) 114.7( 7) N(l) -C(8a) -C(4a) 120.8( 7) 
N(4) - C(3) - C(9) 118.1( 7) N(l) -C(8a) - C(8) 119.0( 7) 
C(3) - N(4) -C(4a) 115.7(  C(4a) -C(8a) - C(8) 120.2( 7) 
N(4) -C(4a) - C(5) 120.7(  C(3) - C(9) -0(10) 107.9( 6) 
N(4) -C(4a) -C(8a) 119.5( 7) C(9) -0(10) -C(ll) 118.3( 7) 
C(S) -C(4a) -C(8a) 119.9( 7) 0(10) -C(ll) -0(11) 119.2(10) 
C(4a) - C(5) - C(6) 119.3( 7) 0(10) -C(ll) -C(12) 113.1( 8) 
C(5) - C(6) - C(7) 120.9( 7) 0(11) -C(11) -C(12) 127.5(10) 
C(S) - C(6) - 0(6) 125.6( 7) C(6) - 0(6) -C(61) 117.2( 5) 
C(7) - C(6) - 0(6) 113.5( 6) 0(6) -C(61) -C(62) 105.3( 6) 
C(6) - C(7) - C(8) 120.4( 7) C(7) - 0(7) -C(71) 117.1( 5) 
	
C(8a) - N(1) - N(2) - C(3) 	2.0(10) 
N(2) - N(1) -C(8a) -C(4a) -1.6(11) 
N(2) - N(l) -C(8a) - C(8) 179.4( 6) 
N(l) - N(2) - C(3) - N(4) 	-1.7(12) 
- N(2) - C(3) - C(9) 176.5( 6) 
- C(3) - N(4) -C(4a) 	0.9(12) 
C(9) - C(3) - N(4) -C(4a) -177.3( 7) 
N(2) - C(3) - C(9) -0(10) 129.9( 7) 
N(4) - C(3) - C(9) -0(10) -51.7( 9) 
C(3) - N(4) -C(4a) - C(S) 179.2( 7) 
C(3) - N(4) -C(4a) -C(8a) 	-0.3(10) 
N(4) -C(4a) - C(S) - C(6) -179.6( 7) 
C(8a) -C(4a) - C(S) - C(6) 	-0.2(11) 
N(4) -C(4a) -C(8a) - N(1) 0.7(11) 
N(4) -C(4a) -C(8a) - C(8) 179.7( 7) 
C(S) -C(4a) -C(8a) - N(1) -178.8( 7) 
C(S) -C(4a) -C(8a) - C(8) 	0.2(11) 
C(4a) - C(S) - C(6) - C(7) -0.8(11) 
_- 
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1,2, 3-triazolobenzotriazine-carboxylate derivatives, 	it 
was decided that a 1,2,3-triazolobenzo-1,2,4-triazine 
derivative with a phenyl substituent attached to C-3(l) 
would be a more practical substrate for the 
investigation of nucleophilic substitution of the benzene 
ring in benzo-1, 2, 4-triazine derivatives. 
Therefore (Scheme 63), the 8-methoxy-3-phenyl-1,2,3-
triazolobenzotriazjne (236) was heated with 2M sodium 
hydroxide in ethanol. The reaction mixture was worked up 
to give a high yield of a solid whose elemental analysis 
and spectroscopic properties were in full accord with the 
8-ethoxy-3-phenyl-1, 2, 3-triazolobenzotriazine structure 
(295). This structural assignment was fully confirmed by 
X-ray analysis (Fig. 7). When an attempt was made to 
convert the ethoxy substituted triazolobenzotriazine (295) 
back to the methoxy substituted analogue (236) by heating 
the former with 2M sodium hydroxide in methanol, only the 
starting material (295) was recovered from the reaction 
mixture. However, when the triazolobenzotriazine (295) 
was heated in inethanolic sodium methoxide, the methoxy 
substituted triazolobenzotriazine (236) was obtained in 
high yield. The displacement of the ethoxy group of the 
triazolobenzotriazine (295) in methanolic sodium methoxide 
and the lack of any reaction when this compound was heated 
with 2M sodium hydroxide in methanol can possibly be 
attributed to the greater leaving group ability of 







triazolobenzotriazine (295) was heated in methanolic 
sodium methoxide, the methoxide ion would be in excess and 
thus displacement of the ethoxy group would eventually 
occur by equilibration. However when the 
triazolobenzotriazine (295) was heated in a solution of 2M 
aqueous sodium hydroxide in methanol, the weakly 
nucleophilic hydroxide ion would be in excess and only a 
small percentage of methoxide would be present in the 
reaction mixture. An attempt to prepare the phenolic 
triazolobenzotriazine (254) by displacement of the methoxy 
group of the triazolobenzotriazine (236) using 2M sodium 
hydroxide in ethyleneglycol dimethylether proved 
unsuccessful and a high yield of the unreacted starting 
material (236) was recovered. Given the weakly 
nucleophilic nature and good leaving group ability of 
hydroxide ion, it is unsurprising that the inethoxy 
compound (236) was not converted to the phenol (254). In 
addition, when an attempt was made to prepare the ethoxy 
compound (295) by displacement of the hydroxy group of the 
phenol derivative (254) using 2M aqueous sodium hydroxide 
in ethanol, no reaction was observed and a good recovery 
of the starting material (254) was obtained. It has been 
previously discussed (page 116) that the mixture of 
isomeric phenol derivatives (248) and (249) failed (Scheme 
62) to be converted to the mixture of isomeric 
ethoxybenzotriazine carboxylic acids (209a) and (210a) due 
to their acidity and their conversion to sodium phenolate 
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derivatives under the reaction conditions. Similarly, it 
would be predicted that the phenol derivative (254) would 
exist as a sodium salt under the conditions of the 
attempted replacement of the hydroxy group, and thus 
displacement would be precluded. 
Due to the success of ethoxide ion in displacing the 
methoxy group of the triazolobenzotriazine derivative 
(236), it was next decided to examine the scope of this 
novel substitution reaction using nucleophiles other than 
alkoxide ions. Therefore (Scheme 63), attempts were made 
to displace the methoxy group of the triazole derivative 
(236) using a variety of amines. However, when the 
triazolobenzotriazine (236) was heated with methylamine, 
piperidine or benzylamine, no reaction occurred and high 
yields of the unreacted starting material (236) were 
recovered in each case. An attempt to displace the 
methoxy group of the triazolobenzotriazine (236) using the 
sodium salt of benzylainine also proved unsuccessful and a 
high yield of the unreacted triazole derivative (236) was 
recovered. In addition, the attempted phase-transfer 
catalysed displacement of the methoxy group of the 
triazole derivative (236) using cyanide ion also proved 
unsuccessful and only a high recovery of the 
triazolobenzotriazine starting material (236) was 
obtained. 	A possible explanation for the failure of 
amines and cyanide ion to displace the methoxy group in 
(236) could be that they are much softer nuce1ophiles6 
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than the relatively hard methoxy leaving group and thus 
attack was inhibited. If attack at C-B had occurred, 
methoxide ion would undoubtedly have been displaced by any 
of the amines or cyanide ion, due to methoxide ion being a 
better leaving group. It was then decided to attempt to 
displace the methoxy group of the triazolobenzotriazine 
(236) with hydride ion which is a hard nucleophile. 
However, an attempt to reduce the methoxy compound (236) 
to the triazolobenzotriazine (296e) using sodium 
borohydride proved unsuccessful, and only a high recovery 
of the unreacted starting material (236) was obtained. 
The failure of sodium borohydride to displace the methoxy 
group of the triazolobenzotriazine (236) is probably due 
to the insufficient reductive power of sodium borohydride, 
however if a stronger metal hydride reducing agent was 
used, it is likely that the nitrogen-nitrogen double bonds 
of the heterocycle (236) would also be reduced. In an 
attempt to make C-B more susceptible to nucleophilic 
substitution, it was decided to try and utilise the almost 
"carboxylic acid-like" character of the hydroxy group of 
the triazolobenzotriazine (254) to prepare the chloro 
compound (297). However, when the triazolobenzotriazine 
derivative (254) was heated with phosphoryl chloride and 
N,N-dimethylanhline, only an intractable black tar was 
obtained from the reaction mixture. 
Taking all of the data on the nucleophilic 
displacement of alkoxy groups from (1,2,3-triazolo)benzo- 
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1,2,4-triazine derivatives into account, it is probable 
that the nucleophilic substitution occurs by the SnAr 
mechanism. 6 Therefore (Scheme 64) the benzotriazine 
(211e) or triazolobenzotriazine derivatives would be 
attacked by the incoming nucleophile to generate the 
species [(298)E—*(299)). The ether exchanged product (300) 
or triazolobenzotriazine analogues would then be formed by 
loss of methoxide ion. This mechanism is consistent with 
the observed leaving group capacities OH>OMe>OEt and is 
also consistent with nucleophilic substitution being 
promoted by the azo group nitrogen atoms of the 
benzotriazine ring system. 
Finally, an interesting feature of the nucleophilic 
substitution of the triazolobenzotriazine ring system is 
that substitution must involve both the angular and linear 
isomers. The angular triazolobenzotriazine (236) and the 
linear triazolobenzotriazine (268a) were both shown to 
undergo nucleophilic substitution at C-8. This seems to 
indicate that the 1,2,4-triazine nucleus of the 
benzo-1,2,4-triazine ring system promotes nucleophilic 
substitution by a -I inductive effect as well as 
mesomerically because substitution of the linear 
triazolobenzotriazine cannot enlist the activating effect 
of the N(4)=N(5) moiety. C-8 of the linear 
triazolobenzotriazine (268a) is however in conjugation 
with N-10 and it is possible that electron-withdrawal by 
this nitrogen atom promotes substitution. Alternatively, 
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it is possible that the nucleophilic substitution at C-8 
of linear triazolobenzotriazine derivatives could be 
promoted by electron-withdrawal by the substituent 
attached to C-l. 
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2.4 EXPERIMENTAL 
GENERAL EXPERIMENTAL DETAILS 
Infrared spectra were recorded using a Perkin-Elmer 
298 spectrophotometer and bands were strong and sharp 
unless specified as w (weak) or br (broad). Solids were 
measured as suspensions (mulls) in Nujol and liquids as 
thin films. 
1 H n.m.r. spectra were measured in the stated solvent 
at 80 MHz using a Bruker WP-80SY instrument, at 200 MHz 
using a Bruker WP-200SY instrument, or at 360 MHz using a 
Bruker WH-360 instrument. Signals were sharp unless 
specified as br (broad); s = singlet, d = doublet, dd = 
double doublet, t = triplet, q = quartet, and in = 
inultiplet. 1 3 C n.m.r. spectra were recorded at 50 MHz 
using a Bruker WP-200SY spectrometer and were fully 
decoupled. Signals were sharp and quat. = quaternary 
carbon atom. Quaternary carbon atoms and. methylene groups 
were identified by 3ir/4 DEPT (Distortionless Enhancement 
by Polarisation Transfer) pulse sequence spectra. 
Electron Impact (El) mass spectra were recorded at 
70 eV on A.E.I. MS-902 and Kratos-MS-50TC instruments. 
Fast Atom Bombardment (FAB) mass spectra were measured on 
a Kratos-MS-50TC instrument for matrices in thioglycerol. 
X-ray diffraction data were collected using a 
Stoe-Stadi four circle diffractometer on single crystals 
grown from the stated crystallisation solvent. 
Microanalyses were determined using Carlo-Erba 
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Strumentazjone 1106 or Perkin-Elmer 2400 elemental 
analysers. Routine melting points (m.p.) were carried out 
using a Gallenkamp apparatus and are uncorrected. Melting 
points of analytical samples were determined using a 
Kofler hot-stage apparatus and are uncorrected. 
All reagents were laboratory grade unless specified. 
Sodium hydride was an 80% suspension in mineral oil and 
was washed with anhydrous ether before use. Solvents were 
of technical grade unless otherwise stated and unless 
specified light petroleum had boiling point (b-p.) 
60-80°C. Organic extracts were dried over anhydrous 
magnesium sulphate or sodium sulphate prior to filtration 
and rotary evaporation under reduced pressure. All yields 
are based on unrecovered starting material. 
Wet column flash-chromatography was carried out over 
silica (Merck type 9385). Thin layer chromatography 
(t.l.c.) was carried out using Polygram Sil'G/UV 254 
precoated plastic sheets. 
EXPERIMENTAL 
N. N-Dimethyl cyanoacetamide (229b) 
N,N-Dimethylcyanoacetamide (229b) was prepared by the 
reaction of ethyl cyanoacetate with dimethylamine in the 
presence of sodium ethoxide as described by Germain and 




The known' ' O compound phenylsuiphonylacetonitrile 
(229a) was kindly provided by Mr. Martin Scobie of the 
University of Edinburgh. 
Preparation of Aryl Azides 
A stirred mixture of the amine (0.1 mol) in 5M aqueous 
hydrochloric acid (125 cm 3 ) was cooled to 0 0 (ice-salt 
bath) then treated dropwise at 0-5 0 with a solution of 
sodium nitrite (7.6 g; 0.11 mol) in water (50.0 cm 3 ). The 
mixture was stirred at 0-5 0 for 5 min then treated 
dropwise with a solution of sodium azide (9.8 g; 0.5 mol) 
at <5 0 . The resulting mixture was stirred in the melting 
ice bath for 0.5 h then extracted with ether to afford the 
azide product which was used without further purification. 
3-Methylaniline gave the known' 11 3-methyiphenyl 
azide (201a) (yield 57%) as a brown oil, "max  2100 (N 3 ) 
cm'. 
Meta-Anisidine gave the known' 11 3-methoxyphenyl 
azide (201b) (yield 68%) as a brown oil, "max  2100 (N 3 ) 
cm'. 
3-Aminophenol gave the known 112 3-azidophenol 
(246) (yield 98%) as a brown oil, "max  3500-3000 br(OH) 
and 2100 (N 3 ) cm'. 
3,5-Dimethylaniline 	gave 	the 	known' 13 
3,5-dimethyiphenyl azide (255a) (yield 61%) as a brown 
Oil, "max  2100 ciit'. 
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3,5-Dimethoxyaniline gave the known 113 . 
3,5-dimethoxyphenyl 	azide 	(255b) (yield 98%) as a brown 
solid Tfl.p. 	61-63 0 	(lit.,h13 	650), umax  2100 (N 3 ) CIfl. 
3,4-Dimethoxyaniline gave the known'' 
3,4-dimethoxyphenyl azide 	(266a) (yield 36%) as a brown 
Oil umax  2100 	(N 3 ) 	Cm_i. 
3,4-Methylenedioxyaniline 	gave the known' 15 
3,4-methylenedioxyphenyl 	azide (266b) 	(yield 14%) 	as 	a 
brown oil, 	vmax 2100 	(N 3 ) 	C1Tt. 
2,5-Dimethoxyaniline gave the known 113 
2,5-dimethoxyphenyl 	azide 	(274) (yield 36%) 	as 	a 	brown 
Oil , 	umax 2100 	(N 3 ) 	C1U'. 
3,4, 5-Trimethoxyaniline gave the known' 1 6 	345 
trilnethoxyphenyl azide 	(279) 	(yield 11%) as a brown oil, 
2100 	(N 3 ) 	cm'. 
Preparation of Ethyl 5-Amino-1-phenyl-1H-1. 2 3-triazo].e-4-
carboxylate Derivatives 
A stirred solution of sodium (2.3 g; 0.1 g atom) in 
anhydrous ethanol (50.0 cm 3 ) was treated with ethyl 
cyanoacetate (1.3 g; 0.1 mol) followed by the azide 
(0.05 mol) and the mixture was stirred at room temperature 
for 2h then heated under reflux for 0.5h and worked up as 
described for the individual reactions below. 
(1) 	The mixture from the reaction of 3-methylphenyl 
azide (201a) with ethyl cyanoacetate in the presence of 
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sodium ethoxide was evaporated and the residue was treated 
with water. The resulting suspension was extracted with 
methylene chloride to give a semi-solid which was washed 
with ether to afford ethyl 5-amino-l-(3-methylphenyl)-
1H-1,2,3-triazole-4-CarbOxylate (203a) (yield 47%) as a 
colourless solid m.p. 130-132 0 (from ethyl acetate), Pmax 
3400-3200 br (NH) AND 1685 (CO) cm', oH (CDC1 3 ) 7.42-7.24 
(4H, m, ArH), 5.20 (2H, brs, NH 2 ) ( exch.), 4.42 (2H, q, 
J7Hz, CH 2 ), 2.41 (3H, s, CH 3 ) and 1.41 (3H, t, J7Hz, CH 3 ). 
Found: 	C, 58.3; H, 5.7; N, 22.8%; m/z (Elms), 246(M). 
C 12 H 14N 40 2 requires: C, 58.5; H, 5.7;, N, 22.8%; M, 246. 
Evaporation of the ethereal mother-liquor gave --a, gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of. the 
aqueous alkaline mother-liquor gave no other identifiable 
product. 
(ii) 	The mixture from the reaction of 3-methoxyphenyl 
azide (201b) with ethyl cyanoacetate in the presence of 
sodium ethoxide was evaporated and the residue was treated 
with water. The resulting suspension was extracted with 
methylene chloride to give a semi-solid which was washed 
with ether to afford ethyl 5-amino-1-(3-methoxypheflyl)-1H-
1,2,3- triazole-4-carboxylate (203b) (yield 60%) as a 
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colourless solid m.p. 128130 0 (from ethanol), "max 
'3400-3200 br (NH) and 1680 (CO) CM-1 , oH (CDC1 3 ) 7.53-6.91 
(4H, m, ArH), 5.32 (2H, brs, NH 2 ) ( exch.), 4.39 (2H, q, 
J7Hz, CH 2 ), 3.82 (3H, 5, Cl! 3 ) and 1.39 (3H, t, J7Hz, CH 3 ). 
Found: C, 53.8; H, 5.2, N, 20.7%; m/z (Elms), 262.1070 (M+) 
C 12 H 14 N 40 3 requires: C, 55.0; H, 5.3; N, 21.4% M, 262.1066. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl, acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
product. 
(iii) 	The mixture from the reaction of 3-azidophenol 
(246) with ethyl cyanoacetate in the presence of sodium 
ethoxide was evaporated and the residue was treated with 
water then extracted with methylene chloride to give a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
The aqueous alkaline mother-liquor was acidified to 
litmus using 2M aqueous hydrochloric acid then extracted 
with methylene chloride to give a semi-solid which 
was washed with ether to afford ethyl 5-amino-1-
(3-hydroxyphenyl) -lH-1, 2, 3-triazole-4-carboxylate (247) 
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(yield 33%) as a pale pink solid m.p. 142-143 0 (from ethyl 
acetate), umax 3460-3100 br (OH and NH) and 1680 (CO) 
CM-1, oH [(CD 3 ) 2 S0] 10.00 (1H, S, OH) (exch.), 7.50- 7.28 
(1H, in, ArH), 7.03-6.85 (3H, in, ArH), 6.44 (2H, brs, NH 
2)
(exch.), 4.30 (2H,d q, J7Hz, CH 2 )and 1.30 (3H, t, J7Hz, 
CH 0' 
Found: 	C, 52.8; H, 4.8; N, 22.1; m/z (Elms), 248 (M). 
C 11 H 12 N 40 3 requires: C, 53.2; H, 4.8; N, 22.6%; M, 248. 
Evaporation of the ethereal mother-liquor gave a gum 
from which no characterjsab].e material could be obtained 
and therefore was not further investigated. 
(iv) 	The mixture from the reaction of the azide (255a) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford ethyl 5-amino-1-(3 , 5-dimethyiphenyl) -1H-1, 2,3-
triazole-4-carboxylate (258a) (yield 29%) as a colourless 
solid m.p. 155-156 0 (from ethyl acetate), "max 3400-3100 
br (NH) and 1690 (CO) C1 6H (CDC1 3 ), 7.11-7.08 (3H, in, 
ArH), 5.20 (2H, brs, NH 2 ) ( exch.), 4.42 (2H, q, 37Hz, 
CH 2 ), 2.36 (3H, s, Cr1 3 ), 2.35 (3H, s, CH 3 ) and 1.39 (3H, 
t, J7Hz, CH3). 
131 
Found: C, 59.6; H, 6.2; N, 21.4%; m/z (Elms), 260.1275 (M+) 
C 13 H 16 N 4 0 2 requires: C, 60.0; H, 6.1; N, 21.5%; M, 260.1273 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
material. 
(v) 	The mixture from the reaction of the azide (255b) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water and 
methylene chloride. The resulting three phase mixture was 
filtered and the solid obtained was acidified with 2M 
aqueous hydrochloric acid to afford ethyl 5-[N-(3,5-
dimethoxyphenyl) amino] -1H-1, 2, 3 -triazole-4-carboxylate 
(256) (yield 18%) as a colourless powder m.p.124-125 0 
(from methanol), 'max 3500-2500 br (NH) and 1700 (CO) 
C 1 1 â 	[(CD 3 ) 2 S0] 8.08 (1H, s, NH) (exch.), 6.81 (2H, in, 
ArH), 6.09 (lH, in, ArH), 4.45 (2H, q, J7Hz, CH 
2), 3.73 
(6H, s, CH 3 ) and 1.33 (3H, t, J7Hz, CH 0' 
Found: 	C, 53.6; H, 5.6; N, 19.2%; mhz (Elms), 292 (M+). 
C 13 H 16 N 40 4 requires: C, 53.4; H, 5.5; N, 19.2%; N, 292. 
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The two phase mother-liquor was separated and the 
aqueous layer was further extracted with methylene 
chloride. The combined methylene chloride extracts were 
evaporated to give a semi-solid which was washed with 
ether to afford ethyl 5-amino-1-(3,5-dimethoxyphenyl)-1H-
1,2,3-triazole-4-carboxylate (258b) (yield 54%) as 
colourless needles m.p. 136-138 0 (from ethyl acetate), 
vmax 3400-3100 br (NH) and 1680 (CO) cm-1, 6H  (CDC13) 
6.65-6.50 (3H, m, ArH), 5.32 (2H, brs, NH 2 ) ( exch.), 4.40 
(2H, q, J7Hz, Cl! 2 ), 3.80 (6H, s, CH 3 ) and 1.40 (3H, t, 
J7Hz, Cl! 3 ). 
Found: C, 52.7; H, 5.6; N, 18.9%; m/z (Elms), 292.1173 (M+) 
C 13 H 16 N 4 0 4 requires: C, 53.4; H, 5.5; N, 192 9t; •M, 
292.1172. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
The aqueous alkaline mother-liquor was acidified to 
litmus using 2M aqueous hydrochloric acid and the 
suspension was filtered. The insoluble solid was 
collected to afford a second crop of the aminotriazole 
(256) (yield 7%) m.p. 118-120 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample obtained before. Further 
work up of the aqueous acidic mother-liquor gave no other 
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identifiable material. 
The mixture from the reaction of the azide (266a) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford ethyl 5 -amino-l- (3,4-dimethoxyphenyl)-3-u-1,2,3-
triazole-4-carboxylate (267a) (yield 61%) as pale pink 
plates m.p. 158_1600 (from ethanol), "max 3400-3200 br 
(NH) and 1690 (CO) cm -1 , 611 (CDC1 3 ) 7.23-7.00 (3H, in, 
ArH), 5.23 (2H, brs, NH 2 ) ( exch.), 4.38 (2H, q, J7Hz, 
CH 2 ), 3.88 (311, s, Cl! 3 ), 3.86 (3H, s, CH 3 )and 1.38 (3H, 
t, J7Hz, CH 3 ). 
Found: 	C, 53.2; H, 5.5; N, 19.0%; m/z (EIm), 292 (M+). 
C 13 H 16 N 4 0 4 requires: C, 53.4; H, 5.5; N, 19.2%; M, 292. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.1.c in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
material. 
The mixture from the reaction of the azide (266b) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
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The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford ethyl -5-ainino-l-(3, 4-methylenedioxyphenyl) -1H-
l,2,3-triazole-4-carbOxYlate (267b) (yield 58%) as 
colourless needles m.p. 165-167 0 (from ethyl acetate), 
umax 3490-3310 br (NH) and 1740 (CO) cm', oH (CDC1 3 ) 
7.17-6.76 (3H, m, ArH), 6.10 (2H, s, CH 2 ), 5.22 (2H, brs, 
NH 2 )( exch.), 4.42 (2H, q, J7Hz, CH 2 ) and 1.39 (3H, t, 
J7Hz, CH 0' 
Found: C, 51.2; H, 4.3; N, 19.7%; m/z (Elms), 276.0854 (M+) 
C 12 H 12 N 40 4 requires: C, 52.2; H, 4.3; N, 20.3%; M, 276.0859 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
material. 
(viii) 	The mixture from the reaction of the azide (274) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water than 
extracted with methylene chloride to give a gum which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave ethyl 
5- [N- (2 ,5-dimethoxyphenyl) amino] -1H-1, 2, 3-triazole-4- 
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carboxylate (275) (yield 13%) as cream coloured plates 
m.p. 162-163 0 (from toluene), 'max 3400-3100 br (NH) and 
1660 (CO) C1 6H (CDC1 3 ) 11.8 (lH, brs, NH) (exch.), 
8.50 (1H, brs, NH) (exch.), 7.87 (1H, d, Jmeta 2Hz, ArH), 
6.81 (1H, d, Jortho 9Hz, ArH), 6.42 (1H, dd, Jmeta  2Hz, 
ortho 9Hz, ArH), 4.42 (2H, q, J7Hz, CH 2 ), 3.89 (3H, s, 
3.80 (3H, s, CH.) and 1.45 (3H, t, J7Hz, Cl! 3 ). 
Found: 	C, 53.6; H, 5.6; N, 19.2%; m/z (Elms), 292 (M+). 
C 13 H 16 N 4 0 4 requires: C, 53.4; H, 5.5; N, 19.2%; M, 292. 
Elution with hexane-ethyl acetate (7:3) afforded 
ethyl 5-amino-i-(2, 5-dimethoxyphenyl) -1ff-i, 2, 3-triazoie-4-
carboxylate (277) (yield 16%) as colourless plates- m.p. 
163-164 0 (from toluene), umax 3380-3100 br (NH) and 1675 
(CO) cm- ' ,  6H (CDC1 3 ) 7.00-6.50 (3H, m, ArH), 5.30 (2H, 
brs, NH 2 ) ( exch.), 4.40 (2H, q, J7Hz, CH 2 ), 3.78 (3H, s, 
CH 3 ), 3.77 (3H, s, CH.) and 1.39 (3H, t, J7Hz, CH 3 ). 
Found: 	C, 53.5; H, 5.5; N, 19.0%; m/z (Elms), 292 (M+). 
C 13 H 16 N 40 4 requires: C, 53.4; H, 5.5; N, 19.2%; M, 292. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures and which therefore were not 
further investigated. 
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Further work up of the aqueous alkaline mother-liquor 
gave no other identifiable material. 
(ix) 	The mixture from the reaction of the azide (279) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford ethyl 5-amino-l-(3, 4, 5-trimethoxyphenyl) -1H-
l,2,3-triazole-4-carboxylate (280a) (yield 62%) as 
colourless needles m.p. 151-153 0 (from ethyl acetate), 
umax 3390-3190 br (NH) and 1685 (CO) cm', oH (CDC1 3 ) 6.69 
(2H, s, ArH), 5.35 (2H, brs, NH 2 ) ( exch.), 4.30 (2H, q, 
J7Hz, CH 2 ), 3.83 (911, s, CH 3 ) and 1.38 (3H, t, J7H,CH 3 ). 
Found: 	C, 52.2; H, 5.7; N, 17.4%; m/z (Elms), 322 (M). 
C 14H 18 N 40 4 requires: C, 52.5; H, 5.6; N, 17.4%; M, 322. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 





A stirred solution of sodium (0.92 g, 0.04 g atom) in 
anhydrous ethanol was treated with the benzylcyanide 
derivative (0.04 inol) followed by the azide (0.02 mol). 
The mixture was stirred at roomtemperature for 2h then 
heated under ref lux for 0.5h and worked up as described 
for the individual reactions below. 
(i) 	The mixture from the reaction of the azide (201b) 
with benzyl cyanide (233a) in the presence of sodium 
ethoxide was evaporated and the residue was treated with 
water and methylene chloride. The resulting three phase 
mixture was filtered and the insoluble solid was collected 
to afford l-amino-l-N- (i (3-methoxyphenyl) -4-phenyl-lH-
l,2,3-triazol-5-yl]amino-2-phenylethene (235) (yield 39%) 
as a colourless powder m.p. 130-131 0 (from aqueous acetic 
acid), umax  3400-3100 (NH) cm', 5H  [(CD 3 ) 2S0j 7.68-6.97 
(1611, m, ArH plus NH plus CH), 3.78 (3H, s, Cu 3 ) and 3.33 
(lH, brs, NH). 
Found: 	C, 72.1; H, 5.5;, N, 18.2%; m/z (Elms), 383 (Mt). 
C 23 H 21 N 50 requires: C, 72.1; H, 5.5; N, 18.3%, M, 383. 
The two phase mother-liquor was separated and the 
aqueous layer further extracted with methylene chloride. 
Evaporation of the combined methylene chloride extracts 
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gave a gum which was triturated with ether to afford 
5-amino-i- (3-methoxyphenyl) -4-phenyl-1H-1, 2, 3-triazole 
(236) (yield 58%) as colourless needles m.p. 126-127 0 
(from ethyl acetate-light petroleum), umax  3400-3100 (NH) 
CM-1 1 oH (CDC1 3 ) 7.79-7.05 (9H, in, ArH), 4.12 (2H, brs, 
NH 2 ) ( exch.), and 3.85 (3H, s, CH.). 
Found: 	C, 67.9; H, 5.3;, N, 20.8%; m/z (Elms), 266 (M). 
C 15 H 14N 40 requires: C, 67.7; H, 5.3; N, 21.1%, N, 266. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up-of the 
aqueous alkaline mother-liquor gave no other identifiable 
product. 
The mixture from the reaction of the azide (201b) 
with 4-nitrophenylactonitrile (233b) in the presence of 
sodium ethoxide was evaporated and the residue was treated 
with water then extracted with methylene chloride to give 
an intractable foam which yielded no identifiable 
material. 	Further work up of the aqueous alkaline 
mother-liquor gave no characterisable material. 
The mixture from the reaction of the azide (246) 
with benzyl cyanide (233a) in the presence of sodium 
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ethoxide was evaporated and- the residue was treated with 
water then extracted with methylene chloride to give a 
mixture of azide (246) and benzyl cyanide (233a) starting 
materials, identified by comparison (i.r. spectrum) with 
authentic samples. 
The aqtieous alkaline mother-liquor was acidified to 
litmus using 214 aqueous sulphuric acid then treated with 
methylene chloride. The resulting three phase mixture was 
filtered and the insoluble solid collected to afford 
5-amino-i- (3 -hydroxyphenyl) -4 -phenyi-iH-i, 2, 3-triazoie 
(252) (yield 57%) as a flesh coloured powder m.p. 203-205 0 
(from glacial acetic acid), umax  3400-2500 br (NH and OH), 
6H [(CD 3 ) 2S0] 9.98 (lH, s, OH) (exch.), 7.87-7.75 (2H,m, 
ArH), 7.54-7.24 (4H, in, ArH), 7.09-6.86 (3H, in, A-rH)- and 
5.67 (2H, brs, NH 2 ) ( exch.). 
Found: C, 65.7; H, 4.8; N, 21.9%; m/z (FABm5), 253.1089 
(M+H)+. 	 - 
C 14H 12N 40 requires: C, 66.7; H, 4.8;, N, 22.2%; N, 253.1089 
The two phase mother-liquor was separated and the 
aqueous acidic phase further extracted with methylene 
chloride. Evaporation of the combined methylene chloride 
extracts gave a gum whose t.l.c. in ethyl acetate over 
silica showed it to be an unresolvable multi-component gum 
which therefore was not further investigated. 
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The mixture from the reaction of the azide (255b) 
with benzyl cyanide (233a) in the presence of sodium 
ethoxide was evaporated and the residue was treated with 
water. 	The resulting suspension was extracted with 
methylene chloride to give a gum which was triturated with 
ether to afford 5-amino-1- (3, 5-dimethoxyphenyl) -4 -phenyl -
1H-i,2,3-triazole 	(258c) 	(yield 91%) 	which 	formed 
colourless plates M.P. 120_1210 (from ethanol-light 
petroleum), "max  3400-3100 br (NH) cm', 6H  (CDC13) 
7.76-6.47 (8H, m, ArH), 4.06 (2H, brs, NH 2 ) ( exch.), 3.79 
(3H, s, CH 3 ) and 3.76 (3H, s, CH 0' 
Found: 	m/z (FABms), 297.1351 (M+H)+. 
C 16H 16 N 40 2 requires: (M+H), 297.1351. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.1.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
product. 
The mixture from the reaction of the azide (266a) 
with benzyl cyanide (233a) in the presence of sodium 
ethoxide was evaporated and the residue was treated with 
water. 	The resulting suspension was extracted with 
methylene chloride to give a gum which was triturated with 
ether to afford 5-amino-i- (3 ,4-dimethoxyphenyi) -4-phenyl- 
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1H-1,2,3-triazole (271) (yield 65%) as a flesh coloured 
solid m.p. 166-167 0 (from ethanol), umax  3400-3100 br (NH) 
cm1, 6H  (CDC1 3 ) 7.78-6.89 (8H, m, ArH), 4.06 (2H, brs, 	- 
NH 2 ) ( exch.), 3.92 (3H, S, CH 3 ) and 3.89 (3H, s, CH 3 ). 
Found: 	C, 64.3; H, 5.4; N, 18.9%; m/z (Elms), 296 (M+). 
C 16 H 16 N 40 2 requires: C, 64.9; H, 5.4; N, 18.9%; M, 296. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.1.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
product. 
(vi) 	The mixture from the reaction of the azide (279) 
with benzyl cyanide (233a) in the presence of sodium 
ethoxide was evaporated and the residue was treated with 
water. The resulting suspension was extracted with 
methylene chloride to give a semi-solid which was washed 
with ether to afford 5-amino-4-phenyl-1-(3,4,5-
trimethylphenyl)-]JI-1,2, 3-triazole (280b) (yield 82%) as 
colourless plates m.p. 185-187 0 (from ethyl acetate), umax 
3400-3100 br (NH) cm -1 , 611 (CDC1 3 ) 7.72-7.29 (5H, in, ArH), 
6.72 (211, s, ArH), 4.29 (2H, brs, NH 2 )( exch.), 3.81 (3H, 
S, CH 3 ) and 3.79 (6H, 5, CH 0' 
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Found: 	C, 62.4; H, 5.4;, N, 17.4%; m/z (Elms), 326 (M+). 
C 17 H 18 N 4 0 3 requires: C, 62.6; H, 5.5;, N, 17.2%; M, 326. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
product. 
The Attempted Reaction of 1-Amino-1-N-11-(3-methoxy-
phenyl) -4-phenvl-1H-1. 2 . 3-triazol-5-yl 1 amino-2-phenylethene 
(235) with 2M Aqueous Hydrochloric Acid 
A stirred suspension of the ethene derivative (235) 
(1.9 g, 0.005 mol) in ethanol (25.0 cm 3 1 was treated with 
2M aqueous hydrochloric acid (6.3 cm 3 ) then heated under 
reflux for 5h. 
The resulting solution was evaporated and the residue 
was washed with ether to afford l-amino-1-N-[l-(3-methoxy-
phenyl) -4-phenyl-1H-1, 2, 3-triazol-5-yl] amino-2-phenylethene 
hydrochloride salt (235) (1.9 g, 90%) as a colourless 
solid m.p. 2302310, Pmax 2800-2500 br (HC1) cm', oH 
[(CD 3 ) 2 S0] 10.50 (1H, brs, NH) (exch.), 9.50 (1H, brs, NH) 
(exch.), 7.71-7.19 (9H, m, ArH) and 4.03 (3H, s, CH 3 ). It 
was not possible to obtain elemental analysis or mass 
spectral data on this solid due to its ready extrusion of 
hydrogen chloride upon heating. Salt formation was 
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confirmed by the conversion of this solid to the starting 
material (235) by washing of the former with 10% w/v 
aqueous sodium hydrogen carbonate. 
Evaporation of the ethereal mother-liquor gave a 
trivial amount of a gum which was not further 
investigated. 
5-Amino-i- (3-methoxyphenvi) -1H-1 • 2 3-triazoie-4-
carboxainide (226) 
A stirred solution of cyanoacetamide (225) (8.4 g; 
0.1 mol) and 3-methoxyphenyl azide (201b) (14.9 g; 0.1 
mol) in anhydrous ether (150 cm 3 ) was cooled to 00 
(ice-salt bath) then treated dropwise with a solution of 
sodium (2.3 g; 0.1 g atom) in methanol (50.0 cm 3 ) àiid the 
mixture was stirred in the melting ice bath for 24h. 
The resulting suspension was evaporated and the 
residue was treated with water then extracted with 
methylene chloride to afford 5-amino-1-(3-methoxyphenyl)-
].H-1,2,3-triazole-4-carboxamide (226) (19.1 g; 91%) which 
formed colourless needles m.p. 155-157 0 (from methanol), 
umax 3350-3100 br (NH) and 1670 (CO) cm -1 , oH [(CD 3 ) 2 S0] 
7.62-7.35 (2H, m, ArH), 7.30-7.01 (4H, m, ArH plus NH), 
6.39 (2H, brs, NH 2 )( exch.) and 3.83 (3H, S, CH 0' 
Found: 	C, 51.6; H, 4.8; N, 30.1%; m/z (Elms), 233 (Mt). 
C 10 H 11 N 5 0 2 requires: C, 51.5; H, 4.7; N, 30.0%; M, 233. 
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Further work up of the aqueous alkaline mother-liquor 
gave no other product. 
The Reaction of 5-Amino-i- (3-methoxyphenyl) -lH-i. 2,3-
triazole-4-carboxamide (226) with Phosphoryl Chloride 
in the Presence of Dinmethylformamide 
A stirred suspension of the aminotriazole (226) 
(11.7 g; 0.05 mol) in anhydrous dimethylformamide 
(50.0 cm 3 ) was cooled to 00 (ice-salt bath) then treated 
dropwise at 0-5 0 with phosphoryl chloride (15.3 g; 
0.1 mol). The mixture was stirred at 00 for 5 min then at 
room temperature for 10 min and at 80±1 0 for 15 min then 
cooled to room temperature and treated, with stirring, 
with 1M aqueous hydrochloric acid (50.0 cm 3). The 
r i 1 1 f r ri m i 'v+ 11 v W=k= h + i ii ii 	 p 	 % 	 rn   r thenixtume was eated
stored at 00 for 24h. 
The resulting suspension was filtered and the solid 
obtained was thoroughly washed with water and a little 
ethanol to give a solid (11.2 g) which was flash-
chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (9:1) 
afforded i-[4-cyano-1-(3-methoxyphenyl) -UI-i, 2, 3-triazol-
5-yl]-3,3-dimethylformamidine (227) (7.6 g; 57%) as a 
colourless powder m.p. 88-89 0 (from toluene), "max  2200 
(CN) cm', oH (CDC1 3 ) 8.21 (1H, 5, CH), 7.37-7.31 (4H, m, 
ArH), 3.80 (3H, s, CH 3 ), 3.12 (3H, s, CH 3 ) and 3.04 (3H, 
S, Cl!3). 
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Found: 	C, 5.80; H,_5.2; N, 31.4%; m/z (Elms), 270 (M+). 
C 13H 14N 60 requires: C, 57.8; H, 5.2; N, 31.1%; M, 270. 
Further elution with methylene chloride-ethyl acetate 
(9:1) yielded 5-amino-4-cyano-1--(3-methoxyphenyl) -ill -
1,2,3-triazole (228) (2.8 g; 26%) which formed colourless 
needles m.p. 135-136 0 (from ethanol) 'max  3400-3100 br 
(NH) and 2225 (CN) cm', oH [(CD 3 ) 2S0) 7.62-7.04 (4H, m, 
ArH), 3.83 (3H, s, CH 3 ) and 3.31 (2H, brs, NH 2 )( exch.). 
Found: 	C, 55.8; H, 4.2; N, 32.8%; m/z (Elms), 215 (M). 
C 10H 9N 50 requires: C, 55.8; H, 4.2; N, 32.6%; M, 215. 
Elution with methylene chloride-ethyl acetate (8:2) 
through ethyl acetate to methanol gave a series of gums 
(total 0.41 g) whose t.1.c. in ethyl acetate over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
5-Amino-4-cyano-1-(3-methoxy,heny1)-1H-1. 2. 3-triazole 
(228) 
A stirred solution of the formamidine (227) (5.4 g; 
0.02 mol) in ethanol (100 cm 3 ) was treated with 2M aqueous 
hydrochloric acid (25.0 cm 3 ) and the mixture was heated 
under reflux for 5h. 
The resulting solution was evaporated to afford 
5-amino-4-cyano-1- (3-methoxyphenyl) -111-1,2, 3-triazole 
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(228) (4.3 g; 100%) m.p. 131-133 0 , identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
5-Amino-1-(3-inethoxv'phenVl) -111-1 • 2, 3-triazole-4- (N1N-
djmethylcarboxamide) (230b) 
A stirred suspension of 3-methoxyphenyl azide (201b) 
(3.0 g; 0.02 mol) and N,N-dimethylcyanoacetamide (229b) 
(2.2 g; 0.02 mol) in anhydrous ether (30.0 cm 3 ) was cooled 
to 0 0 (ice-salt bath) then treated dropwise with a 
solution of sodium (0.46 g; 0.02 g atom) in methanol 
(10.0 cm 3 ) over 20 min and the mixture was stirred in the 
melting ice bath for 24h. 
The resulting suspension was evaporated and the 
residue was treated with water (10.0 cm 3 ) then extracted 
with methylene chloride to give a semi-solid. 	This 
was washed with ether to afford 5-amino-1-(3-methoxy 
phenyl) -111-1,2, 3-triazole-4-(N,N-dimethylcarboximide) 
(230b) (5.1 g; 97%) which formed colourless needles m.p. 
105-107 0 (from toluene), "max  3340-3320 br (NH 2 ) and 1640 
(CO) cnr', 6H  (CDC1 3 ) 7.53-7.10 (4H, m, ArH), 5.61 (2H, 
brs, NH 2 ) ( exch.), 3.82 (3H, s, CH 3 ), 3.64 (3H, s, CH 3)
and 3.10 (3H, s, CH 0' 
Found: 	C, 54.9; H, 6.0; N, 26.7%; m/z (Elms), 261 (Mt). 
C 12 H 15 N 2 0 2 requires: C, 55.2; H, 5.7; N, 26.8%; M, 261. 
Evaporation of the ethereal mother-liquor gave only a 
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trivial amount of a gum which was not further 
investigated. 
5-Amino-i- (3-methoxyphenyl) -4-phenylsulphonyl-1H-1.2 • 3-
triazole (230a) 
A stirred suspension of the azide (201b) (3.0 g; 
0.02 mol) and phenylsuiphonylacetonitrile (229a) (3.6 g; 
0.02 mol) in anhydrous ether (30.0 cm 3 ) was cooled to 0 0 
(ice-salt bath) then treated dropwise with a solution of 
sodium (0.46 g; 0.02. g atom) in methanol (10.0 cm 3 ) over 
20 min and the mixture was stirred in the melting ice bath 
for 24h. 
The resulting suspension was evaporated and the 
residue was treated with water (10.0 cm 3 ) then exfracted 
with methylene chloride to give a gum (3.0 g) which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (6:4) afforded 
5-amino-i- (3-methoxyphenyl) -4-phenylsulphonyl-1H-1, 2,3-
triazole (230a) (0.78 g; 12%) which formed colourless 
needles m.p. 134-136 0 (from toluene), 'max 3400-3100 br 
(NH) cm -1 , oH (CDC1 3 ) 8.11-7.96 (2H, m, ArH), 7.60-7.96 
(7H, m, ArH), 5.26 (2H, brs, NH 2 ) ( exch.) and 3.80 (3H, s, 
Cl 3 ). 
Found: 	C, 54.7; H, 4.2; N, 16.7%; m/z (Elms), 330 (N+). 
C 15 H 14N 40 3S requires: C, 54.6; H, 4.2; N, 17.0%; N, 330. 
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Elution with hexane-ethyl acetate (6:4) r through ethyl 
acetate to methanol gave a series of gums and oils (total 
1.8 g) whose t.l.c. in ethyl acetate over silica showed 
them to be unresolvable multi-component mixtures which 
were not further investigated. 
Further work up of the aqueous alkaline mother-liquor 
gave no other product. 
The Diazotisation of 5-Amino-l-phenyl-1H-1, 2, 3-triazole 
Derivatives 
(a) In 214 Aqueous Sulphuric Acid and Glacia Acetic Acid 
A stirred solution of the aminotriazole (0.005 mol) in 
7M aqueous sulphuric acid (10.0 cm 3 ) and glacial acetic 
acid (25.0 cm 3 ) was cooled to 0 0 (ice-salt bath) then 
treated dropwise at 0-5 0 with a solution of sodium nitrite 
(0.41 g; 0.006 mol) in water (1.5 cm 3 ). The mixture was 
stirred in the melting ice bath for 2h then worked up as 
described for the individual reactions below. 
(i) 	The mixture from the diazotisation of the 
aminotriazole (203b) was concentrated to approximately one 
third of its original volume then treated with water and 
extracted with methylene chloride. The extract was washed 
three times with 10% w/v aqueous sodium hydrogen carbonate 
and once with water then evaporated to give a gum which 
was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
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ethyl-i- (3-methoxyphenyl) -UI-i, 2, 3-triazoie-4-carboxyiate 
(205b) (yield 15%) which formed colourless plates m.p. 
103-104 0 (from ethyl acetate), 'max  1690 (CO) Ciil1, 6H 
(CDC1 3 ) 8.47 (1H, s, CH), 7.43-6.92 (4H, in, ArH), 4.43 
(2H, q, J7Hz, CH 2 ), 3.85 (3H, S, CH 3 ) and 1.40 (3H, t, 
J7Hz, Cl 3 ). 
Found: 	C, 58.6; H, 5.4; N, 16.9%; m/z (Elms), 247 (Mt). 
C 12 H 13 N 3 0 3 requires: C, 58.3; H, 5.3; N, 17.0%; M, 247. 
Elution with hexane-ethyl acetate (6:4) yielded 
unchanged starting material (203b) (yield 13%) xn.p. 
128-130 11 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Further elution with hexane-ethyl acetate (6:4) gave a 
2:1 inseparable mixture of ethyl 8-methoxy-1,2,3-triazolo-
[5,l-c]benzo-i,2,4-triaZifle-3-CarbOxYlate (204) [isomer 
A] and ethyl-8-methoxy-1,2,3-triazoiO[1,5-b]beflZO-1,2,4 
triazine-].-carboxylate (208) [isomer B] (yield 9%) as an 
amorphous red solid m.p. 197-199 0 from toluene), Pmax  1720 
(CO) Cfli', 61 (CDC1 3 ) 8.65 (11, d, Jortho  9Hz, H-6 [isomer 
A]), 7.93 (lH, d, Jmeta  2Hz, H-9 [isomer A]), 7.92 (1H, d, 
ortho 9Hz, H-6 [isomer B)), 7.58-7.12 (lH, in, ArH [isomer 
A] and lH, in, ArH [isomer B]), 7.53 (lH, d, Jmeta  2Hz, H-9 
[isomer B]), 4.60 (2H, q, J7Hz, CH  [isomer A]), 4.55 (2H, 
q, J7Hz, CH  [isomer B]), 4.11 (3H, s, CH  [isomer A]), 
4.03 (31, 5, CH 	[isomer B]), 1.49 (3H, t, J7Hz, CH  
150 
[isomer A]) and 1.47 (3H, t, J7Hz, CH 3 ), ô 	[(CO 3 ) 2 S0] 
165.9 (quat.), 165.4 (quat.), 159.7 (quat.), 146.8 
(quat.), 139.8 (quat.), 138.0 (quat.), 135.3 (CH), 133.0 
(CH), 131.1 (quat.), 128.8 (CH), 124.8 (quat.), 124.5 
(quat.), 121.0 (CH), 103.4 (CH), 95.6 (CH), 61.4 (CH 2)1 
60.6 (CH 2 ), 57.5 (CH 3 ), 57.4 (CH 3 ) and 14.4 (CH 3 ). 
Found: C, 52.8; H, 4.0; N, 25.2%; m/z (Elms), 273.0873 (Mt ) 
C 12 H 11 N 5 0 3 requires: C, 52.7; H, 4.0; N, 25.6%; M, 273.0862 
Elution with hexane-ethylacetate (1:1) through ethyl 
acetate to methanol gave only a series of gums (total 
0.94 g) whose t.1.c. in ethyl acetate over silica showed 
them to be unresolvable multi-component mixtures__ , which 
therefore were not further investigated. 
(ii) 	The mixture from the diazotisation of the 
aminotriazole (258b) was concentrated to approximately one 
third of its original volume then diluted with water and 
extracted with methylene chloride. The extract was washed 
three times with 8% w/v aqueous sodium hydrogen carbonate 
and once with water then evaporated to give a semi-
solid. This was washed with ether to give a 2:1 
inseparable 	mixture 	of 	ethyl 	6,8-dimethoxy-1,2,3 
triazolo[5, l_c]benzo-1,2,4-triaZifle3CarbOxYlate (259b) 
[isomer A] and ethyl 6, 8-dimethoxy-1, 2, 3-triazolO[l, 5-b] 
benzo-1, 2,4-triazine-l-carbOxylate (260b) [isomer B] 
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(yield 79%) as a pale pink solid m.p. 216-218 0 (decomp.) 
(from toluene), umax 1730 (CO) C1U 1 , bH (CDC1 3 ) 7.53 (111, 
d, Jmeta 2Hz, H-9), 6.92 (1H, d, Jmeta 2Hz, H-9 [isomer 
B]), 6.80 (1H, d, Jmeta 2Hz, H-7 [isomer A]), 6.65 (1H, d, 
meta 2Hz, H-7 [isomer B]), 4.57 (2H, q, J7Hz, CH 2 [isomer 
4.50 (2H, q, J7Hz, CH 2 [isomer B]), 4.13 (3H, s, CH 3 
[isomer A]), 4.04 (6H, s, CH 3 [isomer A] and CH 3 [isomer 
3.96 (3H, s, CH 3 [isomer B]), 1.47 (311, t, J7Hz, CH. 
[isomer A]) and 1.44 (3H, t, J7Hz, CH 	[isomer B]), b c 
(CDC1 3 ) 167.6 (quat.), 167.0 (quat.), 160.3 (quat.), 159.8 
(quat.), 159.4 (quat.), 154.5 (quat.), 146.4 (quat.), 
139.8 	(quat.), 	137.4 	(quat.), 	132.5 	(quat.), 	131.9 
(quat.), 128.1 (quat.), 125.1 (quat.), 124.9 (quat.), 
105.5 (CH), 100.8 (CH), 96.2 (CH), 87.0 (CH), 61.8 (Cl! 2 )
1 
 
61.3 (CH 2 ), 57.1 (CH 3 ), 57.0 (Cl! 3 ), 56.8 (CH 3 ), 56.7 
(CH 3 ), 14.3 (CH 3 ) and 14.2 (CH 3 . 
Found: 	C, 51.8; H, 4.2; N, 23.2%; m/z (Elms), 303 (M+). 
C 13 H 13 N 5 0 4 requires: C, 51.5; H, 4.3; N, 23.1%; M, 303. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.1.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. - 
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(b) In Concentrated Sulphuric Acid and Glacial Acetic 
Acid 
A stirred solution of the aminotriazole (0.05 mol) in 
glacial acetic acid (125 cm 3 ) was treated dropwise with 
concentrated sulphuric acid (40.0 cm 3 ) at <30 0 (water 
bath) then cooled to 0 0 (ice-salt bath). A solution of 
sodium nitrite (3.8 g; 0.055 mol) in water (12.0 cm 3 ) was 
added dropwise, with stirring, at 0-5 0 and the mixture was 
stirred in the melting ice bath for 2h then treated with 
water (125 cm 3 ) and worked up as described for the 
individual reactions below. 
(i) 	The mixture from the diazotisation of ethyl 
5-amino-l-(3-methylphenyl) -lH-1, 2, 3-triazole-4-carWoxS'iate 
(203a) was concentrated to approximately one half of its 
original volume then extracted with methylene chloride. 
The extract was washed three times with 10% w/v aqueous 
sodium hydrogen carbonate and once with water then 
evaporated to give a gum which was flash-chromatographed 
over silica. 
Elution with hexane-ethyl acetate (7:3) afforded ethyl 
1-(3-methylphenyl) -1H-1, 2, 3-triazole-4-carboxylate (205a) 
(yield 8%) as a colourless solid m.p. 92-93 0 (from 
toluene-light petroleum), 1'max 1700 (CO) cm- ' ,  Sil (CDC1 3 ) 
8.45 (111, s, CH), 7.56-7.24 (4H, m, ArH), 4.40 (211, q, 
J7Hz, CH 2 ), 2.41 (3H, s, CH 3 )and 1.39 (3H, t, J7Hz, Cl!3). 
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Found: 	C, 62.4; H, 5.6; N, 18.2%; m/z (Elms), 231 (M)+. 
C 12 H 13 N 3 0 2 requires: C, 62.3; H, 5.6; N, 18.2%; M, 231. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
(ii) 	The mixture from the diazotation of the 
aminotriazole (203b) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid. This was washed with 
ether to afford a 2:1 inseparable mixture of ethyl 
8-methoxy-1, 2, 3-triazolo[5, l-c]benzo-1, 2, 4-triazine-3- 
carboxylate (204) [isomer A] and ethyl 8-methoxy-1,2,3-
triazolo[1,5-b]benzo-1, 2,4-triazine-l-carboxylate 	(208) 
[isomer B] (yield 84%) m.p. 188_1800, identical (m.p., 
i.r. and n.m.r. spectra) to an authentic sample prepared 
in (a) before. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
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(iii) 	The mixture from the diazotisation of the 
aminotriazole (247) was concentrated to approximately one 
half of its original volume then treated with methylene 
chloride. The resulting three phase mixture was filtered 
and the insoluble solid was collected to afford a 4:1 
inseparable mixture of ethyl 8-hydroxy-1,2,3-triazolo 
[5, l-c]benzo-1,2,4-triazine-3-carboxylate (248) [isomer A] 
and ethyl 8-hydroxy-1,2,3-triazolo[1,5-b]benzo-1,2,4-
triazine-1-carboxylate (249) [isomer B] (yield 75%) as an 
amorphous green solid m.p. 204-206 0 (decomp.) (from 
glacial acetic acid), "max  3300-2500 br (OH) and 1740 (CO) 
C' ó {(CD 3 ) 2 S0J 8.60 (1H, d, J8Hz, H-6 [isomer A]), 
7.80-7.50 (1H, m, ArH [isomer A] and 2H, m, ArH [isomer 
B]), 7.45 (lH, dd, 3meta  3Hz,  Jortho  8Hz, H-7 [isômerA]), 
•7 A 	11 11. 	1 	T 	• 	T.T7 	UO r 	 1 	 A ()T.T 	1-—c! 	('T-T • . J .1_ , - meta • -' i a. .. a_ 
[isomer A] and [isomer B] (exch.), 4.50 (2H, q, J7Hz, CH  
[isomer A]), 4.45 (2H, q, J7Hz, CH  [isomer B]), 1.46(3H, 
t, J7Hz, CH 3 ) and 1.40 (3H, t, J7Hz, CH 3 ), 6[(CD 3 ) 2 S0] 
165.9 (quat.), 165.3 (quat.), 159.9 (quat.), 139.5 
(quat.), 137.4 (quat.), 134.9 (CH), 133.8 (CH), 132.1 
(quat.), 130.9 (quat.), 129.7 (quat.), 124.5 (CH), 121.3 
(CH), 105.3 (CH), 97.5 (CH), 61.5 (CH 2 ), 60.8 (CH 2)and 
14.6 (CH 3 ). 
Found: C, 50.3; H, 3.5; N, 26.6%; m/z (Elms), 259.0707 (M) 
C 11 H 9 N 5 0 3 requires: C, 51.0, H, 3.5; N, 27.0%; M, 259.0705. 
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The two phase mother-liquor was separated and the 
aqueous phase further extracted with methylene chloride. 
Evaporation of the combined methylene chloride extracts 
gave a gum whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multi-component mixture 
which therefore was not further investigated. 
(iv) 	The mixture from the diazotisation of the 
aminotriazole (258a) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a gum. This was triturated with ether 
to give a 4:1 inseparable mixture of ethyl 6,8-dimethyl-
1,2, 3-triazolo[5, l-c]benzo-]., 2 4-triazine-3-carboxylate 
(259a) 	[isomer 	A] 	and 	ethyl 	6,8-dimethyl-1,2,3- 
triazolo[1,5-b]benzo-1-carboxylate (260a) [isomer, B] 
(yield 23%) which formed yellow needles m.p. 171-173 0 
(from ethyl acetate), "max  1720 (CO) cm-1, 6H (CDC1 3 ) 8.28 
(1H, s, H-9 [isomer A]), 7.57 (1H, s, H-9 [isomer B]), 
7.47 (1H, S, H-7 [isomer A]), 7.25 (lii, s, H-7 [isomer 
B]), 4.61 (2H, J7Hz, CH 	[isomer A]), 4.57 (211, q, J7Hz, 
CH 2 [isomer B]), 3.07 (3H, 5, CH 	[isomer A]), 2.76 (311, 
s, CH 	[isomer B]), 2.66 (3H, s, CH 	[isomer A]), 2.56 
(3H, s, CH 	[isomer B]), 1.51 (3H, t, J7Hz, CH  [isomer 
A]) and 1.49 (3H, t, J7Hz, CH 	[isomer B]), 6c  (CDC13) 
10.0 	(quat.), 	159.7 	(quat.), 	149.3 	(quat.), 	148.2 
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(quat.), 141.1 (quat.), 139.0 (quat.), 138.7 (quat.), 
136.7 (quat.), 136.5 (CII), 136.4 (quat.), 135.7 (quat.), 
132.5 (CH), 124.5 (CH), 121.5 (quat.), 111.6 (CH), 61.8 
(CH 2 ), 61.4 (CH 2 ), 22.6 (CH 3 ), 17.5 (CH 3 ), 16.5 (CH 3 ) and 
14.2 (CH 0' 
Found: C, 57.0; H, 4.9; N, 25.7%; m/z (Elms), 271.1075 (M) 
C 13 H 13 N 5 0 2 requires: C, 57.6; H, 4.8; N, 25.8%; N, 271.1069 
Evaporation of the ethereal mother-liquor gave a gum 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded ethyl 
1-(3 ,5-dimethylphenyl) -1H-1, 2, 3-triazole-4-carboxylate 
(257) (yield 9%) which formed colourless need1es M.P. 
141-143 0 (from toluene-light petroleum) 	Pmax 1700 (CO) 
cm- ' ,  6H (CDC1 3 ) 8.43 (1H, s, CH), 7.34-7.07 (3H, m, ArH), 
4.45 (2H, q, J7Hz, CH 2 ), 2.39 (3H, s, CH 3 ), 2.38 (3H, s, 
CH 3 ) and 1.41 (3H, t, J7Hz, CH 3 ). 
Found: 	C, 62.4; H, 5.6; N, 18.2%; m/z (Elms), 231 (M+). 
C 13 H 12 N 3 0 4 requires: C, 62.3; H, 5.6; N, 18.2%; M, 231. 
Further elution with hexane-ethyl acetate (8:2) gave 
unreacted starting material (258a) (yield 6%) m.p. 
145-147°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of intractable gums from 
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which no identifiable material could be obtained. 
The mixture from the diazotisation of the 
aminotriazole (258b) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 8% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid. 	This was washed with 
ether to afford a 2:1 inseparable mixture of ethyl 
6, 8-dimethoxy-1, 2, 3-triazolo[5, 1-c]benzo-1, 2, 4-triazine-
3-carboxylate (259b) [isomer A] and ethyl 6,8-dimethoxy-
1,2, 3-triazolo[ 1 ,5-b]benzo-1, 2, 4-triazine-1-carboxylate 
(260b) [isomer B] (yield 90%) m.p. 216-218 0 (decomp.), 
identical (m.p., i.r. and n.m.r. spectra) to an authentic 
sample prepared in (a) before. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
The mixture from the diazotisation of the 
aminotriazole (267a) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid. 	This was washed 
with 	ether 	to 	afford 	ethyl 	7,8-dimethoxy-1,2,3- 
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triazolo[1,5-b]benzo-1, 2,4-triazine-1-carbOXylate 	(268a) 
[isomer B] (yield 95%) as a yellow solid m.p. 235-237 0  
(from glacial acetic acid), umax  1740 (CO) C1L11, 6H 
[(CD 3 ) 2 S0] 7.39 (lH, s, ArH), 7.37 (1H, s, ArH), 4.42 (2H, 
q, J7Hz, CH 2 ), 4.11 (3H, s, CH 3 ), 4.09 (3H, s, CE! 3 ) and 
1.40 (3H, t, J7Hz, CH 3 )o {(CD 3 ) 2S0] 160.1 (quat.), 159.2 
(quat.), 157.2 (quat.), 144.5 (quat.), 139.7 (quat.), 
136.6 (quat.), 125.1 (quat.), 104.1 (CH), 101.4 (CH), 60.6 
(CH 2 ), 57.6 (CH 3 ), 57.4 (CH 3 ) and 14.3 (CH 3)' 
Found: 	C, 51.3; H, 4.3; N, 22.9%; m/z (Elms), 303 (M+). 
C 13 H 13 N 5 0 4 requires: C, 51.5; H, 4.3; N, 23.1%; M, 303. 
Evaporation of the ethereal mother-liquor gave a , gum 
whose 4C.1c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
(vii) 	The mixture from the diazotisation of the 
aminotriazole (267b) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid. This was washed with 
ether to afford ethyl-7, 8-methylenedioxy-1, 2, 3-triazolo 
[1,5-b]benzo-1,2,4-triazine-1-CarbOxylate (268b) [isomer 
B] (yield 91%) as a yellow powder m.p. 205-207 0 (from 
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glacial acetic acid), "max 1730 (CO) C1fl 1 , 611 [(CD 3 ) 2 S0] 
7.42 (lH, s, ArH), 7.39 (1H, s, ArH), 6.48 (211, s, CH 2 ), 
4.43 (211, q, 37Hz, C!! 2 ) and 1.38 (3H, t, 37Hz, CH3), 6c 
[ (CD 3 ) 2 S01 159.6 (quat.), 157.2 (quat.), 155.1 (quat.), 
145.6 (quat.), 140.6 (quat.), 135.9 (quat.), 125.1 
(quat.), 105.0 (CH 2 ), 101.0 (CH), 98.3 (CH), 60.3 (CH 2)
and 14.1 (CH 0' 
Found: C, 49.5; H, 3.1; N, 23.7%; m/z (Elms), 287.0656 (M+) 
C 12 H 9 N 5 0 4 requires: C., 50.2; H, 3.1; N, 24.4%; N, 287.0655. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
(viii) 	The mixture from the diazotisation of the 
aminotriazole (277) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) through to 
hexane-ethyl acetate (1:1) gave a series of gums whose 
t.l.c. in ethyl acetate over silica showed them to be 
unresolvable multi-component mixtures which therefore were 
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not further investigated. 
Further elution with hexane-ethyl acetate (1:1) 
gave ethyl 6,9-dimethoxy-1,2,3-triazolo[1,5-b]benzo-1,2,4-
triazine-1-carboxylate (278) [isomer B] (yield 10%) as a 
purple powder M.P. 208_2100 (without further 
purification), umax  1720 (CO) C1fl1, 6H [(CD 3 ) 2S0] 7.29 
(1H, d, 3ortho  9Hz, ArH), 7.21 (lH, d, Jortho  9Hz, ArH), 
4.48 (2H, q, J7Hz, CH 2 ), 4.04 (3H, s, Cl! 3 ), 4.01 (3H, s, 
CH 3 ) and 1.41 (3H, t, J7Hz, CH 0' 
Found: 	m/z (FABms), 304.1046 (M+H)+. 
C 13 H 13 N 5 0 4 requires: 	(M+H), 304.1046. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of gums whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
(ix) 	The mixture from the diazotisation of the 
aminotriazole (280a) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid. 	This was washed with 
ether to afford a 1:2 mixture of ethyl 6,7,8-trimethoxy-
1,2, 3-triazolo[5, l-c]benzo-1, 2, 4-triazine-3-carboxylate 
(281a) 	[isomer A] and ethyl 6,7,8-trimethoxy-1,2,3- 
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triazolo[1,5-b]benzol,2,4-triazine-1-carboxylate 	(282a) 
[isomer B] (yield 84%) which formed orange plates in.p. 
186-188 0 (from glacial acetic acid), Pmax  1730 (CO) cm', 
5H [(CD 3 ) 2 S0] 7.76 (1H, 5, H-9 [isomer A]), 7.10 (1H, s, 
H-9 [isomer B]), 4.56-4.42 (2H, m, CH  [isomer A) and 2H, 
m, CH  [isomer B]), 4.44 (3H, s, CH 	[isomer A]), 4.22 
(3H, s, CH 	[isomer B]), 4.20 (3H, s, CH 3 ), 4.18 (3H, s, 
CH  [isomer A]), 4.07 (3H, s, CH  [isomer B)), 4.04 (3H, 
S, CIT 3 [isomer A]) and 1.49-1.39 (3H, m, CH  [isomer A] 
and 3H, m, CH  [isomer B]). 
Found: 	C, 50.4; H, 4.5; N, 20.8%; m/z (Elms), 333 (M+). 
C 14H 15 N 5 0 5 requires: C, 50.5; H, 4.5; N, 21.0%; M, 333. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
(x) 	The mixture from the diazotisation of the 
aminotriazole (234) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water 
then evaporated to give 8-methoxy-3-phenyl-1, 2, 3-triazolo 
[5,1-c)benzo-1,2,4-triazine (236) [isomer A] (yield 100%) 
m.p. 215-217 0 (from ethyl acetate-ethanol), 6H  (CDC13) 
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8.72-8.60 (2H, m, ArH), 8.56 (1H, d, Jortho  9Hz, H-6), 
7.91 (1H, d, Jmeta  2Hz, 1-9), 7.64-7.34 (4H, m, ArH) and 
4.10 	(3H, 	s, 	CH3), 	o 
	
(CDC1 3 ) 	165.1 	(quat.), 	140.9 
(quat.), 137.9 (qi.iat.), 136.7 (quat.), 134.1 (quat.), 
132.7 (CH), 129.3 (CH), 128.9 (CH), 127.2 (CH), 124.7 
(quat.), 120.0 (CH), 95.1 (CH) and 56.7 (CH 3 ). 
Found: C, 64.4; H, 3.9; N, 25.0%; xn/z (Elms), 
277.0.972 (M+). 
C 15H 11 N 50 requires: C, 65.0; H, 4.0; N, 25.3%; M, 277.0964 
(xi) 	The mixture from the diazotisation of the 
aminotriazole (252) was concentrated to approximately one 
half of its original volume then treated with methylene 
chloride. 	The resulting three phase mixture was 
filtered and the insoluble solid collected to afford 
8-hydroxy-3-phenyl-1,2,3-triazolo[5,1-c]benzo-1,2,4- 
triazine (254) [isomer A] (yield 79%) as a yellow powder 
m.p. 246-248 0 (from dimethylformamide), "max  3300-2500 br 
(OH) cnr 1 , oH [(CD 3 ) 2 S0] 12.5-11.5 (1H, brs, OH) (exch.), 
8.55 (lii, d, Jortho  11Hz, H6), 8.55-8.38 (2H, m, ArH), 
7.70 (1H, d, Jmeta  3Hz, H-9) and 7.66-7.32 (4H, m, ArH) 
Found: C, 63.2; H, 3.4; N, 26.8%; m/z (FABms), 264.0885 
(M+H)'. 
C 14H 9 N 50 requires: C, 63.9; H, 3.4; N, 26.6%; (M+H), 
264.0885. 
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The two phase mother-liquor was separated and the 
aqueous phase further extracted with methylene chloride. 
The combined methylene chloride extracts were evaporated 
to give a gum whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multi-component mixture 
which therefore was not further investigated. 
(xii) 	The mixture from the diazotisation of the 
aminotriazole (258c) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a gum. This was triturated with ether 
to afford a 4:1 inseparable mixture of 6,8-dimethoxy-
3-phenyl-1,2,3-triazolo[5, l-c]benzo-1,2,4-triazine (259c) 
[isomer A] and 6, 8-dimethoxy-l-phenyl-1, 2, 3-triazolo 
(1,5-b]benzo-1,2,4-triazine (260c) [isomer B] (yield 79%) 
which formed green needles xn.p. 239-241 0 (from glacial 
acetic acid), oH [(CD 3 ) 2 S0] 8.60-8.48 (2H, m, ArH [isomer 
A] and 2H, in, ArH [isomer B]), 7.65-7.48 (4H, in, ArH 
[isomer A] and 4H, in, ArH [isomer B]), 7.06 (lH, d, Jmeta 
2Hz, H-9 [isomer A]), 6.95 (1H, d, imeta  2Hz, H-9 [isomer 
B]), 4.15 (3H, s, CF! 3 [isomer A]), 4.12 (3H, s, CH 3 
[isomer A]), 4.07 (3H, 5, CH  [isomer B]) and 4.04 (3H, s, 
Cl! 3 [isomer B]). 
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Found: 	C, 61.9, H,, 4.2; N, 22.7%; m/z (FABm5), 308.1147 
(M+H)+. 
C 16H 13N 50 2 requires: 	C, 62.5; H, 4.2; N, 22.8%; (M+H), 
308.1147. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
(xiii) 	The mixture from the diazotisation of the 
aminotriazole (271) was concentrated to approximately one 
half of its original volume then treated with methylene 
chloride. The resulting suspension was filtered and the 
insoluble solid was collected then washed with 10% w/v 
aqueous sodium hydrogen carbonate to afford - . a 2:1 
inseparable mixture of 7, 8-dimethoxy-3-phenyl-1, 2,3-
triazolo[5,1-c]benzo-1,2,4-triazine (272) [isomer A] and 
7, 8-dimethoxy-l-phenyl-1, 2, 3-triazolo[l, 5-b]benzo-1, 2,4-
triazine (273) [isomer B] (yield 63%) as a yellow solid 
m.p. 252-254 0 (from dimethylformamide then heated in the 
absence of any solvent to 2400), 6H  [(CD 3 ) 2S0] 8.60-8.45 
(2H, m, ArH [isomer A] and 2H, m, ArH [isomer B]), 8.24 
(1H, s, ArH [isomer A], 8.06 (lH, s, ArH [isomer A], 
7.67-7.41 (3H, m, ArH [isomer A] and 3H, m, ArH [isomer 
B]), 7.36 (1H, s, ArH [isomer B]), 7.30 (lH, s, ArH 
[isomer B]), 4.10 (311, s, C11 3 [isomer A]), 4.07 (3H, 5, 
CH  [isomer A] and 3H, s, CH  [isomer B]) and 4.04 (3H, s, 
CH  [isomer B]). 
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Found: 	C, 62.0; H, 4.2; N, 22.6%; m/z (FABms), 307.1069 
(M+H) . 
C 16H 13N 50 2 requires: C, 62.5; H, 4.2; N, 22.8%; (M+H), 
307.1069. 
Crystallisation 	of 	this 	yellow 	solid 	from 
diinethylformamide gave a 1:3 inseparable mixture of 
[isomer A] and [isomer B] which formed maroon coloured 
plates rn.p. 252-254 0 , oH [(CD 3 ) 2 S0] 8.49-8.37 (2H, m, ArH 
[isomer A] and 2H, in, ArH [isomer B]), 8.19 (1H, 5, ArH 
[isomer A]), 8.00 (1H, s, ArH [isomer A]), 7.64-7.45 (3H, 
in, ArH [isomer A] and 3H, m, ArH [isomer B]), 7.32 (1H, s, 
ArH [isomer B]), 7.27 (lH, s, ArH [isomer B] ), 4.17 (3H, 
S, CH 3 [isomer A]) and 4.07 (3H, s, CH  [isomer A]'ád 6H, 
s, CH 3 [isomer B]). 
Found: C, 61.9; H, 4.2; N, 22.8%; m/z (Elms), 307.1069,(M+) 
C 16N 13N 50 2 requires: C, 62.5; H, 4.2; N, 22.8%; M, 307.1069 
The two phase mother-liquor was separated and the 
aqueous phase further extracted with methylene chloride. 
Evaporation of the combined methylene chloride extracts 
gave a semi-solid from which no characterisable material 
could be obtained. 
(xiv) 	The mixture from the diazotisation of the 
aminotriazole (280b) was concentrated to approximately one 
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half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid. This was washed with 
ether to give a 2:1 inseparable mixture of 3-phenyl-
6,7,8-trimethoxy-1,2,3-triazolo[5, l-c]benzo-1,2,4-triazine 
(281b) [isomer A] and 1-phenyl-6,7,8- triinethoxy-1,2,3-
triazolo[1,5-b)benzo-1,2,4-triazine (282b) [isomer B] 
(yield 89%) which formed yellow needles m.p. 206-208 0 
(from toluene), 6H.  {(CD 3 ) 2S0] 8.58-8.34 (211, in, ArH 
[isomer A] and 2H, iii, ArH [isomer B]), 7.77 (lH, s, H-9 
[isomer A]), 7.69-7.47 (3H, in, ArH [isomer A] and 3H, in, 
ArH [isomer B]), 7.15 (111, s, H-9 [isomer B]), 4.31 (311, 
s, CH 3 [isomer A]), 4.16 (3H, s, Cl! 3 [isomer B]) ; 4.06 
(3H, s, CH [isomer B]), 4.10 (311, s, CH. [isomer B]), 
4.06 (3H, S, CH [isomer B]) and 3.95 (3H, s, CH [isomer 
B]). 
Found: 	m/z (FABms), 338.1253 (M+H)+. 
C17H15N5 0 3 requires: (M+H), 338.1253. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.1.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
(xv) 	The mixture from the diazotisation of the 
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aminotriazole (228) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a gum. This was triturated with ether 
to afford a 2:1 inseparable mixture of 3-cyano-8-methoxy-
1,2,3-triazolo[5,1-C]beflZO-1,2,4-triaZifle (216) [isomer A] 
and 1-cyano-8-methOxY-1,2,3-triaZOlO[1,5-b]beflzo-1,2,4 -
triazine (217) [isomer B] (yield 88%) as an orange powder 
m.p. 126-128 0 (from toluene), umax  2250 (CN) cm', 6H 
(CDC1 3 ) 8.74 (1H, d, Jortho 9Hz, H-6 [isomer A]), 
8.00-7.18 (2H, m, ArH [isomer A] and 3H, m, ArH [isomer 
B]), 4.17 (3H, s, CH  [isomer A]) and 4.10 (3H, s, CH 3 
[isomer B]), o,- [(CD 3 ) 2 S0] 166.6 (quat.), 106.4 (qi.iat.), 
147.2 (quat.), 142.4 (quat.), 139.9 (quat.), 138.8 
(quat.), 133.4 (quat.), 132.4 (CH), 129.0 (CH), 124.6 
(quat.), 121.6 (CH), 113.9 (CH), 112.0 (quat.), 111.3 
(quat.), 107.5 (quat.), 103.0 (CH), 95.7 (CH), 57.7 (Cl! 3 ) 
and 57.6 (CH 3 ). 
Found: 	C, 53.3; H, 2.7; N, 37.1%; m/z (Elms), 226 (M+). 
C 10 H 6 N 60 requires: C, 53.1; H, 2.7; N, 37.2%; M, 226. 
(xvi) 	The mixture from the diazotisation of the 
aminotriazole (230b) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The methylene chloride extract was washed three 
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times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a semi-solid. 
This was washed with ether to afford a 4:1 inseparable 
mixture of 8-methOxy-1,2,3-triaZOlot5, l-c)-benzo-1,2,4 -
triazine_3_(N,N-difllethYlcarboxamide) (218) [isomer A] and 
8-methoxy-1, 2, 3-triazolo[ 1, 5-b]benzo-1, 2, 4-triazine-l- 
(N,N-dimethylCarbOXaiflide) (219) [isomer B] (yield 77%) 
which formed orange needles m.p. 193-195 0 (from toluene), 
"max 1640 (CO) cm 1 , 611 (CDC1 3 ) 8.60 (1H, d, Jortho 9Hz, 
H-6 [isomer A]), 7.88 (lH, d, Jmeta 3Hz, H9 [isomer A]), 
7,80 (1H, d, Jortho 9Hz, H-6 [isomer B]), 7.50-7.24 (1H, 
M, ArH [isomer A] and 2H, in, ArH [isomer B]), 4.08 (3H, s, 
CH 3 [isomer A]]), 3.97 (3H, S, CH 2 [isomer B]), 3.46 (3H, 
S, CH 3 [isomer B]), 3.29 (3H, s, CH 3 [isomer A]j, 3.24 
(3H, s, CH 3  [isomer Al and 3.20 (3H, s, CH  [isomer B]). 
Found: C, 52.8; H, 4.4; N, 30.7%; m/z (FABms), 273 (M+H)+. 
C 12 N 12 N 6 0 2 requires: C, 52.4; H, 4.4; N, 3.09%; M, 272. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
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The Reaction of Ethyl 8_Methoxv_1.2.3_triazoloF5,l_c1 
benzo-l. 2. 4-triazine-3-carboxvlate (204) /Ethyl 8-Methoxy-
1,2 .3-triazololl,5-blbenzo-1,2 ,4-triazine-].-carboxylate 
(208) Isomer Mixture with 2M Aaueous Sodium Hydroxide in 
the Presence of Ethanol 
A stirred solution of the isomer mixture (204)/(208) 
(0.54 g; 0.002 inol) in ethanol (20.0 cm 3 ) was heated to 
reflux then treated with 2M aqueous sodium hydroxide 
(2.5 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was treated with water (5.0 cm 3 ) then acidified to 
litmus using 2M aqueous sulphuric acid. The suspension 
was filtered and the insoluble solid collected to afford 
an isomer mixture of 8-ethoxy-1, 2, 3-triazolo[5, l-c]benzo-
1,2,4-triazine-3-carboxylic acid (209a) and 8-ethoxy-
1,2, 3-triazolo[1, 5-b]benzo-1, 2, 4-triazine-l-carboxylic 
acid (210a) (0.35 g; 68%) as an intractable orange solid 
m.p. 94-97 0 (decomp.), "max  3400-3000 br (OH) and 1700 
(CO) cm' which was used without purification. 
The Reaction of Ethyl 8-Methoxy-1.2.3-triazolof 5.1-cl 
benzo-1, 2. 4-triazine-3-carboxvlate (204) /Ethyl 8-Methoxv-
1 • 2. 3-triazolo[l, 5-blbenzo-l. 2 4-triazine-l-carboxylate 
(208) Isomer Mixture with 2M Aqueous Sodium Hydroxide in 
the Presence of Methanol 
A stirred solution of the isomer mixture (204)/(208) 
(0.54 g; 0.002 mol) in methanol (20.0 cm 3 ) was heated to 
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reflux then treated with 2M aqueous sodium hydroxide 
(2.5 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was acidified to litmus using 2M aqueous sulphuric 
acid. The suspension was filtered and the insoluble solid 
collected to afford a 2:1 inseparable mixture of 
8-]nethoxy-1, 2,3-trizolo[5, 1-c]benzo-1,2,4-triazine-3- 
carboxylic acid (209b) [isomer A] and 8-methoxy-1,2,3-
triazolo[1,5-b]benzo-1,2,4-triazine-l-carbOXyliC acid 
(210b) [isomer B] (0.49 g; 100%) as a light brown solid 
which was purified by precipitation from 2M aqueous sodium 
hydroxide using 2M aqueous sulphuric acid m.p. 145-147 0 , 
umax 3600-2500 br (OH) and 1740 (CO) cm-1, 6H  [(CD3)2S0] 
8.75 (lH, d, Jortho  9Hz, H-6 [isomer A]), 8.04 '(lii, ...d, 
ortho 9Hz, H-6 [isomer B]), 8.01 (1H. d, 3meta  2HZ, H-9 
[isomer A]), 7.76-7.40 (111, in, ArH [isomer A) and 2H, in, 
ArH [isomer B]), 5.00 (1H, brs, OH [isomer A] and 1H, brs, 
OH [isomer B]), 4.15 (311, s, CH  [isomer A]) and 4.07 (3H, 
S, CH [isomer B]). 
Found: C, 42.3; H, 3.9; N, 23.8%; m/z (FABm5), 246.0627 
(M+H). 
C 10 H 7N 50 3 .2H 20 requires: C. 42.7; H, 3.9; N, 24.9%; 
(M+H-2H 2 0), 246.0627. 
A sample of the isomeric acids (209b) and (210b) was 
heated in 2M aqueous sodium hydroxide to approximately 700 
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and the insoluble solid collected to --afford sodium 
8-methoxy-1, 2, 3-triazolo[5, l-c]benzo-1, 2, 4-triazine--3-
carboxylate (212a) as a light brown solid m.p. >3500 (from 
water), umax  3400-2800 br (ONa) and 1700 (CO) cm -1 , oH 
[(CD 3 ) 2 S0] 8.68 (1H, d, Jortho  9Hz, H-6), 7.98 (1H, d, 
meta 2Hz, H-9), 7.60 (1H, dd, Jmeta  2Hz,  Jortho  9Hz, H-7) 
and 4.13 (3H, s, CH 3 ). 
Found: 	C, 39.2; H, 3.3; N, 22.7%. 
C 10H 6 N 5 0 3 .2H 20 requires: C, 39.6; H, 3.3; N, 23.1%. 
8-Nethoxv-1,2,3-triazolol5,1-c)benzo-1,2,4-trjazjne (212b) 
A stirred suspension of the isomer mixture (209b)/ 
(210b) (0.25 g, 0.001 mol) in anhydrous 1,4-dioxane 
(10.0 cm 3 ) was heated under reflux for 3h. 
The resulting suspension was evaporated and the 
residue was washed with ether to afford 8-methoxy-1,2,3-
triazolo[5,1-c]benzo-1,2,4-triazine (212b) (0.19 g; 95%) 
which formed flesh coloured needles m.p. 208-211 0 (from 
dimethylformamide), 6H  [(CD 3 ) 2 S0] 9.13 (1H, s, H-3), 8.66 
(1H, d, Jortho  9Hz, H-6), 7.98 (1H, d, Jmeta  2Hz, H-9), 
7.60 (1H, dd, imeta  2Hz,  Jortho  9Hz, H-7) and 4.12 (3H, s, 
CH 3 ). 
Found: C, 53.5; H, 3.6; N, 34.8%; m/z (FABm5), 202 (M+H)*. 
C Y H ?N SO requires: C, 53.7; H, 3.5; N, 34.8%; M, 201. 
172 
• Evaporation of the ethereal mother-liquor gave a 
trivial amount of a wax which was not further 
investigated. 
3-Acetoxymethyl-6-methoxybenzo-1, 2, 4-triazine (211a) 
A stirred solution of 8-methoxy-1,2,3-
triazolo[5,1-c]benzo-1,2,4-triazine (212b) (0.08 g; 0.004 
mol) in glacial acetic acid was heated under reflux for 
3h. 
The resulting solution was evaporated to give a gum 
(0.09 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded 
3-acetoxymethyl-6-methoxybenzo-1, 2, 4-triazine (211a) which 
formed yellow needles m.p. 81-82 0 (from toluene'-light 
petroleum), Pmax  1750 (CO) C 1 1 ôj (CDC1 3 ) 8.31 (1H, d, 
ortho 9Hz, H-8), 7.42 (1H, dd, Jmeta  2Hz,  3ortho  9Hz, 
H-7), 7.15 (1H, d, Jmeta  2Hz, H-5), 5.62 (2H, S, CH 2) 
3.97 (3H, s, CH 3 ) and 2.20 (3H, s, CH 0' 
Found: C, 56.7; H, 4.6; N, 18.1%; m/z (Elms), 233 (M). 
C 11 H 11 N 3 0 3 requires: C, 56.7; H, 4.7; N, 18.0%; M, 233. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave only trivial amounts of a series 
of gums which were not further investigated. 
A stirred suspension of the isomers (204) and (208) 
(0.25 g; 0.001 mol) in glacial acetic acid (10.0 cm 3 ) was 
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heated under reflux for 3h. 
The resulting solution was evaporated to give a gum 
(0.27 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afforded 
3-acetoxymethyl-6-methoxybenzo-1, 2, 4-triazine (211a) 
(0.20 g; 86%) m.p. 81-82 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared in (i) above. 
Elution with hexane-ethyl acetate (8:2) through 100% 
ethyl acetate to 100% methanol gave a series of gums 
(total 0.05 g) whose t.1.c. in ethyl acetate over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
The Reaction of 8-Methoxy-1. 2. 3-triazolol5. l-c]benzo-
1.2 4-triazine-3-carboxyljc acid (209b)/8-Methoxv-1,2 .3-
triazolell,5-blbenzo-l. 2 .4-triazine-l-carboxyljc acid 
(210b) Isomer Mixture with Acetyl Chloride in the 
Presence of Glacial Acetic Acid 
A stirred suspension of the isomer mixture (209b)/ 
(210b) (0.49 g; 0.002 mol) in glacial acetic acid 
(7.5 cm 3 ) and acetyl chloride (7.5 cm 3 ) was heated under 
reflux for 3h. 
The resulting solution was evaporated to give a gum 
(0.50 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl 	acetate 	(9:1) 	gave 
7-chloro-3-chloromethyl-6-methoxybenzo-1, 2, 4-triazine 
(213) (0.07 g; 14%) which formed yellow plates m.p. 
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168-169 0 (from toluene-light petroleum), 6H  (CDC' 3 )8.52 
(1H, s, H-B), 7.33 (1H, s, H-5), 5.10 (2H, s, CH 2 ) and 
4.11 (3H, s, CH 3 ). 
Found: C, 44.3; H, 2.9; N, 17.1%; m/z (Elms) 243 and 245 
(Mt). 
C 9 H,C1 2 N 30 requires: C, 44.3; H, 2.9; N, 17.2%; M, 243.5. 
Further elution with hexane-ethyl acetate (9:1) 
gave 3-chloromethyl-6-methoxybenzo-1, 2, 4-triazine (211b) 
(0.25 g; 60%) which formed orange needles m.p. 130-132 0 
(from toluene), bH (CDC1 3 ) 8.39 (1H, d, 3ortho  9Hz, H-B), 
7.52 (1H, dd, Jmeta  2HZ,  Jortho  9Hz, H-7), 7.27 (1H, d, 
meta 2Hz, H-5), 5.13 (2H, s, CH 2 ) and 4.04 (3H, s,CH 3 ). 
Found: 	C, 51.3; H, 3.5; N, 20.0%; m/z (Elms), 210 and 
212 (M+). 
C 9 H 8 C1N 30 requires: C, 51.4; H, 3.8; N, 20.0%; M, 210.5. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave a series of gums (total 0.15 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
7-Chloro-3-chloromethyl-6-methylbenzo-1 .2 4-triazine (213 
A stirred solution of 3-chloromethyl-6-methoxybenzo- 
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1,2,4-triazine (211b) (0.42 g; 0.002 mol) in glacial 
acetic acid (5.0 cm 3 ) and acetyl chloride (7.5 cm 3 ) was 
heated under reflux for 3h. 
The resulting solution was evaporated to give a gum 
(0.42 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afforded 
7-chloro-3-chloromethyl-6-methOxybeflZO-1, 2, 4-triazine 
(213) (0.08 g; 16%) m.p. 169_1710, identical (m.p. and 
i.r. spectrum) to an authentic sample prepared before. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave a series of gums (total 0.36 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
3-Chloromethyl-6-methoxvbenzo-1. 2. 4-triazine (211b) 
The isomer mixture (209b)/(210b) (0.49 g; 0.002 mo1) 
was added in small portions to a stirred solution of 
concentrated hydrochloric acid (5.0 cm 3 ) at room 
temperature and the mixture was stirred at room 
temperature for lh. 
The resulting solution was neutralised to litmus using 
10M aqueous sodium hydroxide then extracted with methylene 
chloride to give 3-chloromethyl-6-methoxybenzo-1, 2,4-
triazine (211b) (0.41 g; 98%) m.p. 130-132 0 , identical 
(m.p. and i.r. spectrum) to an authentic sample prepared 
before. 
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The Reaction of 8-Methoxv-1.2. 3-triazolol5. l-clbenzo-
1.24-triazine-3-carboXYliC acid (209b)/8-Methoxv-1,2.3-
triazolofl.5-blbenzo-1. 2 .4-triazine-l-carboxylic acid 
(210b) Isomer Mixture with Acetyl Bromide in the Presence 
of Glacial Acetic Acid 
A stirred solution of the isomer mixture (209b)/ 
(210b) (0.49 g; 0.002 mol) in glacial acetic acid 
(5.0 cm 3 ) and acetyl bromide (7.5 cm 3 ) was heated under 
ref lux, with exclusion of atmospheric moisture, for 0.5h. 
The resulting solution was evaporated to give a gum 
(0.59 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded 
7-bromo-3-bromomethyl-6-methoxybenzo-1, 2, 4-triazine (214) 
(0.06 g; 9%) which formed yellow needles m.p. 17i-172 
(decomp.) (from toluene), o (CDC1 3 ) 8.75 (1H, s, H-8), 
7.29 (lH, 5, H-5), 4.98 (2H, s, CH 2 ) and 4.12 (3H, s, 
CH 3 ). 
Found: C, 32.7; H, 2.0; N, 12.6%; m/z (Elms) 331 and 335 
(Mt). 
C 9H 9 7Br 2N 30 requires: C, 32.4; H, 2.1; N, 12.6%; M, 333. 
Further elution with hexane-ethyl acetate (8:2) 
gave 7-bromo-6-methoxy-3-methylbenzo-1, 2, 4-triazine (215) 
(0.09 g; 18%) which formed yellow needles m.p. 224-226 0 
(from toluene), oH (CDC1 3 ) 8.70 (1H, S, H-B), 7.20 (1H, 5, 
H-5), 4.10 (311, 5, CH 3 ) and 3.08 (3H, s, CH 0' 
177 
Found: C, 42.5; H,.,2.9; N, 16.3%; m/z (FABms), 254 and 256 
(M+H) + 
C 9H 8 BrN 3O requires: C, 42.5; H, 3.1; N, 16.5%; M, 255. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums and solids 
(total 0.35 g) whose t.l.c. in ethyl acetate over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
3-Bromomethyl-6-methoxybenzo-1, 2, 4-triazine (211c 
A stirred solution of concentrated hydrobromic acid 
(5.0 cm 3 ) was treated with small portions of- the isomer 
mixture (209b)/(210b) (0.49 g; 0.002 mol) and the solution 
was stirred at room temperature for lh. 
The resulting mixture was neutralised to litmus with 
10M aqueous sodium hydroxide then treated with methylene 
chloride. The three phase mixture was filtered to remove 
some inorganic material and the two phase filtrate was 
separated. The aqueous mother-liquor was further 
extracted with methylene chloride and the combined 
extracts were evaporated to give 3-bromomethyl-6--methoxy 
benzo-1,2,4-triazine (211c) (0.25 g; 49%) which formed 
orange plates m.p. 129_1310 (decomp.) (from toluene), 6H 
(CDC1 3 ) 8.38 (lH, d, Jortho  9Hz, H8), 7.50 (lH, dd, Jmeta 
3Hz, Jortho  9Hz, H-7), 7.22 (lH, d, Jmeta  31, H-5), 4.97 
(2H, s, CH 2 ) and 4.03 (3H, 5, CH3). 
178 
Found: C, 42.4; H, 2.8; N, 16.4%; m/z (Elms), 253 and-255 
(M). 
C 9 H 8 BrN 30 requires: C, 42.5; H, 3.1; N, 16.5%; M, 254. 
3-Ethoxvmethyl-6-methoxybenzo-1, 2. 4-triazine (211d) 
A stirred suspension of the isomer mixture (209b)/ 
(210b) (0.49 g; 0.002 mol) in ethanol (10.0 cm 3 ) and 70% 
w/v aqueous perchloric acid (0.50 cm 3 ) was heated under 
ref lux for lh. 
The resulting solution was neutralised to litmus with 
10% w/v aqueous sodium hydrogen carbonate (10.0 cm 3 ) then 
extracted with methylene chloride to give a gum (0.38 g) 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave 3-thoxy 
methyi-6-methoxybenzo-1, 2, 4-triazine (211d) (0.34 g; 78%) 
as a yellow powder m.p. 62-64 0 (from toluene-light 
petroleum), 6H  (CDC1 3 ) 8.31 (1H, d, Jortho  9Hz, H-B), 7.44 
(1H, dd, Jmeta  2Hz,  Jortho 9Hz, H-7), 7.24 (1H,d ' meta 
2Hz, H-5), 5.10 (2H, 5, CH 2 ), 3.98 (3H, s, CH 3 ), 3.78 (211, 
q, J7Hz, CH 2 ) and 1.32 (3H, t, J7Hz, CH 0' 
Found: 	m/z (Elms), 219.1002 (M+). 
C 11 H 13 N 30 2 requires: 	N, 219.1008. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums (total 0.04 g) 
whose t.1.c. in ethyl acetate over silica showed them to 
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be unresolvable multi-component mixtures which therefore 
were not further investigated. 
The Reaction of 8-Methoxv-12,3-triazolol5. 1-clbenzo-
1,2 ,4-triazine-3-carboxvlic Acid (209b)/8-Methoxv-1.2. 3-
triazolorl. 5-blbenzo-1 .2 ,4-triazine-1-carboxylic Acid 
(210b) Isomer Mixture with 20% v/v Aaueous Sulphuric Acid 
A stirred suspension of the isomer mixture (209b)/ 
(210b) (0.49 g; 0.002 mol) in 20% v/v aqueous sulphuric 
acid (5.0 cm 3 ) was heated at 1000 (water bath) for lh. 
The resulting solution was cooled to <100 (ice bath) 
then neutralised to litmus with lOM aqueous sodium 
hydroxide. The viscous mixture was filtered to remove 
some inorganic solids and the filtrate was extracted with 
methylene chloride to give an intractable solid (0.05 g) 
which defied characterisation. 
The Attempted Reaction of 8-Methoxy-12.3-triazoloF5,1-cl 
benzo-1, 2, 4-triazine-3-carboxvlic Acid (209b) /8-Methoxy-
1.2 .3-triazolofl.5-b)benzo-1.2 ,4-triazine-l-carboxylic 
Acid (210b) Isomer Mixture with 70% v/v Aaueous Acetic 
Acid 
A stirred suspension of the isomer mixture (209b)/ 
(210b) (0.49 g; 0.002 xnol) in 70% v/v aqueous acetic acid 
was heated under reflux for 24h. 
The resulting solution was evaporated to give a gum 
(0.60 g) which was then flash-chromatographed over silica. 
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Elution with hexane through to ethyl acetate gave a 
series of gums (total 0.18 g) whose t.l.c. in ethyl 
acetate showed them to be unresolvable multi-component 
mixtures which therefore were not further investigated. 
Elution with methanol afforded unreacted starting 
material (209b) and (210b) (0.22 g; 45%) m.p. 120-125 0 , 
identical (m.p. and ir. spectrum) to an authentic sample. 
The Attempted Reaction of 8-Methoxy-1.23-triazolof5,1-c] 
benzo-l. 2. 4-triazine-3-carboxvlic Acid (209b) /8-Methoxy-
1,2 3-triazolo fl 5-b)benzo-].. 2, 4-triazine-1-carboxy],jc 
Acid (210b) Isomer Mixture with Chromium Trioxide in the 
Presence of 70% v/v Aqueous Acetic Acid 
A stirred solution of the isomer mixture (209b)/210b) 
(0.49 g; 0.002 mol) in 70% v/v aqueous acetic acid 
(10.0 cm 3 ) was treated with small portions of chromium 
trioxide (1.0 g; 0.01 mol) at room temperature and the 
mixture was stirred and heated at 100 0 (water bath) for 
0.5h. 
The 	resulting 	mixture 	was 	concentrated 	to 
approximately one third of its original volume then 
treated with water (10.0 cm 3 ) and extracted with methylene 
chloride to give a gum (0.08 g) whose t.l.c. in ethyl 
acetate over silica showed it to be an unresolvable multi-
component mixture which therefore was not further 
investigated. 
The aqueous acidic mother-liquor was continuously 
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extracted with methylene chloride for 96h to give an 
intractable gum (0.24 g) from which no characterisable 
material could be obtained. 
6-Methoxy-3-lnethylbenzo-1, 2. 4-triazine (211e) 
A stirred solution of the isomer mixture (209b)/(210b) 
(0.49 g; 0.002 mol) in glacial acetic acid (10.0 cm 3 ) was 
treated with sodium dithionite (0.5 g) and the mixture was 
heated under reflux for lh then further sodium dithionite 
(0.5 g) was added and heating continued for a further lh. 
The resulting suspension was evaporated and the 
residue was treated with water (10.0 cm 3 ) then extracted 
with methylene chloride to give a gum (0.37 g)-which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl 	acetate 	(8:2) 	gave' 
6-methoxy-3-methylbenzo-1,2 ,4-triazine (211e) (0.26 g; 
74%) which formed yellow plates m.p. 145-147 0 (from 
toluene, 6H (CDC1 3 ) 8.32 (1H, d, 3ortho 9Hz, H-8), 7.42 
(111, dd, imeta 2Hz, Jortho 9Hz, H-7), 7.13 (lH, d, Jmeta 
2Hz, 11-5), 4.00 (311, s, CH 3 ) and 3.08 (311, S 1 CH 3)' 
Found: C, 61.4; H, 5.1; N, 23.4%; m/z (Elms), 
175.0748 (M+). 
C 9H 9N 30 requires: C, 61.7; H, 5.2; N, 24.0%; M, 175.0746. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums (total 0.10 g) 
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whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
3- (oe-Acetoxy-o-ethoxycarbony1) methyl-6-methoxybenzo-
1,2,4-triazine (220a) 
A stirred solution of the isomer mixture (204)/(208) 
(2.2 g; 0.008 mol) in glacial acetic acid (40.0 cm 3 ) was 
heated under reflux for 27h. 
The resulting solution was evaporated to give a gum 
(2.2 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
3- (a-acetoxy-oe-ethoxycarbonyl) methyl-6-methoxybenzo-
1,2,4-triazine (220a) (1.9 g; 78%) which formed 'e11ow 
needles in.p. 110-112 0 (from toluene-light petroleum), umax 
1750 (CO) cm-1, 6H (CDC1 3 ) 8.36 (1H, d, Jortho  9Hz, H-8), 
7.50 (1H, dd, Jmeta  2Hz,  Jortho 9Hz, H-7), 7.23 (1H, d, 
meta 2Hz, H-5), 6.64 (1H, S, CH), 4.28 (2H, q, J7Hz, 
Cu 2 ), 4.00 (3H, s, CH.), 2.22 (3H, s, CH 3 ) and 1.22 (3H, 
t, J7Hz, CH 0' 
Found: C. 54.7; H, 4.9; N, 13.7%; m/z (Elms), 305.0997 (M+) 
C 14 H 15 N 3 0 5 requires: C, 55.1; H, 4.9; N, 13.8%; 14, 305.1012 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums (total 0.25 g) 
whose t.1.c. in ethyl acetate over silica showed them to 
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be unresolvable multi-component mixtures which therefore 
were not further investigated. 
The AttemDted Reaction of Ethyl 8-Methoxy-123-triazolo 
[5. l-clbenzo-1,2 .4-triazine-3-carboxylate (204)/Ethyl 8-
Methoxy-1, 2, 3-triazolof 1, 5-blbenzo-12 4-triazine-1-
carboxylate (208) Isomer Mixture with Trifluoroacetic 
Acid 
(1) 	A stirred solution of trifluoroacetic acid 
(5.0 cm 3 ) was cooled to 0 0 (ice-salt bath) then treated 
with small portions of the isomer mixture (204)/(208) 
(0.54 g; 0.002 mol) and the solution was stirred at 00, for 
0.5h. 
The resulting solution was evaporated to give 
unreacted starting material (204) and (208) (0.54 g; 100%) 
m.p. 179-181 0 , identical (in.p. and i.r. spectrum) to an 
authentic sample. 
(ii) 	The reaction in (i) above was repeated except the 
solution was stirred and heated to 500 for 0.5h. 
The resulting solution was evaporated to give a gum 
which was triturated with ether to give unreacted starting 
material (204) and (208) (0.45 g; 83%) m.p. 179-181 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
Evaporation of the ethereal mother-liquor gave a gum 
(0.10 g) whose t.1.c. in ethyl acetate over silica showed 
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it to be an unresolvable multi-component mixture which 
therefore was not further investigated. 
(iii) 	The reaction in (i) above was repeated except the 
solution was stirred and heated under reflux for 24h. 
The resulting solution was evaporated to give an 
intractable gum (0.55 g) from which no identifiable 
material could be obtained. 
The Reaction of Ethyl 8-Methoxv-1.2.3-triazo].015,1-c] 
benzo-1. 2. 4-triazine-3-carboxylate (204) /Ethyl 8-Methoxy-
1,2 .3-triazolo11.5-b1benzo-1.2.4_trjazjnel.....carbo,1ate 
(208) Isomer Mixture with Acetyl Chloride in the Presence 
of Glacial Acetic Acid 
A stirred solution of the isomer mixture (204)1(208) 
(0.54 g; 0.002 mol) in glacial acetic acid (5.0 cm 3 ) and 
acetyl chloride (7.5 cm 3 ) was heated under reflux for 3h. 
The resulting solution was evaporated to give a gum 
(0.70 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afforded 
2,4-
triazine (220b) (0.14 g; 25%) as a yellow oil b.p. 
250 0/0.3 mm, umax 1740 (CO) cm-,, oH (CDC1 3 ) 8.36 (lH, d, 
ortho 9Hz, H-8), 7.50 (1H, dd, Jmeta 2Hz, Jortho 9Hz, 
H7), 7.26 (1H, d, imeta 2Hz, H-5), 6.00 (1H, S, CH), 4.26 




Found: 	m/z (Elms), 281.0566 and 283.0535 (M+). 
C 12 H 12 N 3 0 3 requires: 	N, 281.0567 and 283.0538. 
Elution with hexane-ethyl acetate (7:3) gave 3-(a-
acetoxy-cr-ethoxycarbonyl) methyl-6-methoxybenzo-1, 2,4-
triazine (220a) (0.34 g; 55%) m.p. 107-110 0 , identical 
(m.p. and i.r. spectrum) to an authentic sample prepared 
before. 
Further elution with hexane-ethyl acetate (7:3) 
yielded unreacted starting material (204) and (208) 
(0.05 g; 9%) m.p. 160-165 0 , identified by comparison (m.p. 
and i.r. spectrum) to an authentic sample. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums (total 0.08 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
The Attempted Reaction of Ethyl 8-Methoxy-1,23-trjazolo 
15,1-clbenzo-1,2,4-trjazjne-3-carboxylate (204)/Ethyl 8-
Nethoxy-1,2 3 -trjazololl,5-blbenzo-124-trjazjne-1-
carboxylate (208) Isomer Mixture with Concentrated 
Hydrochloric Acid 
A stirred solution of concentrated hydrochloric acid 
(5.0 cm 3 ) was treated, at room temperature, with small 
portions of the isomer mixture (204)/(208) (0.54 g; 
0.002 mol) and the solution was stirred at room 
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temperature for lh. 
The resulting solution was neutralised to litmus using 
iON aqueous sodium hydroxide then extracted with methylene 
chloride to give unreacted starting material (204) and 
(208) (0.47 g; 87%) m.p. 189_1910, identical (m.p. and 
i.r. spectrum) to an authentic sample. 
The Attempted Reaction of Ethyl 8 -Methoxy-1,23-trjazoo 
IS. 1-clbenzo-12,4-trjazjne-3-carboxylate (204)/Ethyl 8-
Methoxy-1,2. 3-triazolo 11. 5-11 benzo-1, 2 4-triazjne-].-
carboxylate (208) Isomer Mixture with Hydrogen Chloride in 
the Presence of Acetic Anhydride 
A constant stream of hydrogen chloride was passed 
through a stirred solution of the isomer mixture(204)/ 
(208) (0.54 g; 0.002 mol) in acetic anhydride (10.0 cm 3 ) 
which was heated under reflux for 3h. 
The resulting mixture was evaporated to give, an 
intractable tar (0.70 g) from which no identifiable 
material could be obtained. 
3- 	 • 4- 
triazine (220c) 
A stirred solution of the isomer mixture (204)/(208) 
(0.28 g; 0.001 mol) in glacial acetic acid (5.0 cm 3 ) was 
heated under reflux for 24h then treated with sodium 
dithionite (0.3 g) and the mixture heated under ref lux for 
lh. The mixture was then treated with a second portion of 
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sodium dithionite (0.3 g) and heated under ref lux for a. 
further lh. 
The resulting mixture was evaporated and the residue 
was treated with water (5.0 cm 3 ) then extracted with 
methylene chloride to give a gum (0.30 g) which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
3-(a-ethoxycarbonyl)inethyl-6-methoxybenzo-1, 2, 4-triazine 
(220c) (0.18 g; 73%) which formed yellow plates m.p. 
91-93 0 (from toluene), vmax 1730 (CO) C111 1 , 611 (CDC1 3 ) 
8.33 (1H, d, Jortho  9Hz, H-8), 7.44 (lH, dd, 3meta  2Hz, 
ortho 9Hz, H'7), 7.17 (1H, d, Jmeta  2Hz, H-5), 4.34 (2H, 
s, CH 2 ), 4.22 (2H, q, J7Hz, CH 2 ), 3.99 (3H, s, CH 3 ) and 
1.25 (3H, t, J7Hz, CH 3 ). 
Found: 	C, 58.2; H, 5.3; N, 17.2%; m/z (Elms), 247 (M+). 
C 12 H 13 N 3 0 3 requires: 	C, 58.3; H, 5.3; N, 17.0%; M, 247. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums (total 0.04 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
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The Attempted Hydrolysis of 3-(a-Acetoxv-a-ethoxv 
carbonvl)methyl-6-methoxvbenZO-1. 2. 4-triazine (220a) 
(a) Using iN Aqueous Sodium Carbonate 
(1) 	A stirred solution of the benzotriazine (220a) 
(0.31 g; 0.001 mol) in ethanol (7.5 cm 3 ) was treated with 
1M aqueous sodium carbonate (2.5 cm 3 ) and the mixture was 
heated under ref lux for 0.5h. 
The resulting solution was evaporated and the residue 
was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to give a gum (0.06 g) whose t.l.c. in 
ethyl acetate over silica showed it to be an unresolvable 
multi-component mixture which therefore was not further 
investigated. 
The aqueous alkaline mother-liquor was acidified to 
litmus using 2M aqueous hydrochloric acid then extracted 
with methylene chloride to give an intractable solid 
(0.10 g) M.P. 170-180 0 (decomp.) from which no 
characterisable material could be obtained. 
(ii) 	A stirred solution of the benzotriazine (220a) 
(0.31 g; 0.001 mol) in ethanol (7.5 cm 3 ) was treated with 
iN aqueous sodium carbonate (2.5 cm 3 ), and the mixture was 
stirred at room temperature for lh. 
The resulting solution was evaporated and the residue 
was treated with water (2.5 cm 3 ) then extracted with 
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methylene chloride to give unreacted starting material 
(220a) (0.20 g; 65%), identified by comparison (i.r. 
spectrum) with an authentic sample. 
(b) Using 70% v/v Aqueous Acetic Acid 
(1) 	A stirred solution of the benzotriazine (220a) 
(0.31 g; 0.001 mol) in 70% v/v aqueous acetic acid 
(10.0 cm 3 ) was heated under reflux for 24h. 
The resulting solution was evaporated to give an 
intractable gum (0.31 g) from which no identifiable 
material could be obtained. 
A solution of the benzotriazine (220a) 	g; 
0.001 mol) in 70% v/v aqueous acetic acid (10.0 cm 3 ) was 
stirred at room temperature for 25h. 
The resulting solution was evaporated to afford 
unreacted starting material (220a) (0.31 g; 100%) m.p. 
100-1102°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Attempted Reaction of 3- (oe-Acetoxv-o-ethoxvcarbonv1 
methyl-6-methoxybenzo-1, 2. 4-triazine (220a) with 14% w/v 
Aqueous Sodium Hvpochlorite 
A stirred solution of the benzotriazine (220a) 
(0.31 g; 0.001 mol) in freshly distilled 1,4-dioxane 
(5.0 cm 3 ) was treated dropwise at room temperature with 
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14% w/v aqueous sodium hypochlorite (2.5 cm 3 ) and the 
mixture was stirred at room temperature for lh. 
	
The 	resulting 	solution 	was 	concentrated 	to 
approximately one third of its original volume then 
treated with water (1.0 cm 3 ) and extracted with methylene 
chloride to give unreacted starting material (220a) 
(0.24 g; 77%) in.p. 100-102 0 , identical (in.p. and i.r. 
spectrum) to an authentic sample. 
The Attempted Reaction of 3-(p-Ethoxycarbonyl)nethyl-6-
methoxybenzo-1,24-trjazjne (220c) with Tosvl Azide in the 
Presence of Sodium Ethoxide 
A stirred solution of sodium (0.02 g; 0.001 g atom) in 
anhydrous ethanol (5.0 cm 3 ) was cooled to 0 0 (ice-salt 
bath) then treated dropwise at 0-5 0 with a solution of the 
benzotriazine (220c) (0.25 g; 0.001 mol) in anhydrous 
ethanol. The mixture was then treated dropwise, with 
stirring, at 0-5 0 with a solution of tosyl azide (0.20 g; 
0.001 mol) in anhydrous ethanol (2.5 cm 3 ) and the solution 
was stirred at 0-5 0 for 2h. 
The resulting solution was evaporated and the residue 
was treated with water (10.0 cm 3 ) then extracted with 
methylene chloride to give an intractable gum (0.26 g) 
from which no identifiable material could be obtained. 
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Ethyl 8-Methoxy-12. 3-triazoloF5, 1-c1benzo-1.2.4-
triazine-3-carboxvlate (204)/Ethyl 8-Methoxv-1. 2 • 3-
triazololl.5-blbenzo-l. 2,4-triazine-1-carboxvlate (208) 
Isomer Mixture 
A stirred suspension of sodium hydride (0.03 g; 
0.0011 mol) in anhydrous ethyleneglycol dimethylether 
(5.0 cm 3 ) was treated dropwise at room temperature with a 
solution of the benzotriazine (220c) (0.25 g; 0.001 mol) 
in anhydrous ethyleneglycol dimethylether (2.5 cm 3 ). The 
mixture was stirred at room temperature for 15 min then 
treated in one portion with a solution of tosyl azide 
(0.20 g; 0.001 mol) in anhydrous ethyleneglycol 
dimethylether (2.5 cm 3 ) and the mixture was stirred, with 
exclusion of atmospheric moisture, at room temperature for 
3h. 
The resulting suspension was treated with water 
(2.5 cm 3 ) then evaporated to give a gummy residue. This 
was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to give a 2:1 inseparable mixture of 
ethyl-8-methoxy-1, 2, 3-triazolo[5, l-c]benzo-1, 2, 4-triazine-
3-carboxylate (204) [isomer A] and ethyl 8-methoxy-1,2,3-
triazolo[1,5-b]benzo-1,2,4-triazine-l-carboxylate (208) 
[isomer B] (0.25 g; 92%) m.p. 189-191 0 , identical (m.p., 
i.r. and 1 H n.m.r. spectra) to an authentic sample of the 
mixture prepared before. 
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The Attempted Reaction of 3-Cvano-8-methoxy--1.2 3-
triazolof 5. l-clbenzo-l. 2 .4-triazine (216)/1-Cvano-8-
methoxv-1.2.3-triazololl.5-blbenzo-1.2,4-triazine (217 
Isomer Mixture with Glacial Acetic Acid 
A stirred solution of the isomer mixture (216)/(217) 
(0.45 g; 0.002 mol) in glacial acetic acid (10.0 cm 3 ) was 
heated under reflux for 24h. 
The resulting solution was evaporated to give a gum 
(0.47 g) which was flash-chromatographed over silica. 
Elution with hexane-methylene chloride (1:1) gave 
unreacted starting material (216) and (217) (0.28 g; 60%) 
m.p. 132-134 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Elution with hexane-methylene chloride (4:6) through 
methylene chloride to methanol gave a series of gums 
(total 0.17 g) whose t.1.c. in methylene chloride over 
silica showed them to be unresolvable multi-component 
mixtures which therefore were not further investigated. 
The Reaction of 8-Methoxy-1,2 .3-triazolol5. 1-clbenzo-
1.2 .4-triazine-3-(N.N-dimethylcarboxamide) (218/8-
Methoxv-1.2 . 3-triazolo 1].. 5-blbenzo-1 • 2. 4-triazine-l-
(N.N-dimethvlcarboxamide (219) Isomer Mixture with 
Glacial Acetic Acid 
A stirred solution of the isomer mixture (218)/(219) 
(0.54 g; 0.002 niol), in glacial acetic acid (10.0 cm 3 ) was 
heated under reflux for 24h. 
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The resulting solution was evaporated to give a gum 
(0.58 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl 	acetate 	(9:1) 	gave 
3-acetoxymethyl-6-lflethOXybeflZO-1, 2, 4-triazine 	(211a) 
(0.07 g; 13%) m.p. 72-74 0 , identical (m.p 	and i.r. 
spectrum) to an authentic sample prepared before. 
Elution with hexane-ethyl acetate (1:1) afforded 
3- [a-acetoxy-- (N, N-dimethylcarboxamide) ]methyl-6-
methoxybenzo-1,2,4-triaZifle (220d) (0.45 g; 74%) as a 
yellow powder m.p. 118-119 0 (from toluene), "max  1740 (CO) 
cm 1 1 oH (CDC1 3 ) 8.32 (lH, d, Jortho  9Hz, H-8), 7.53 (1H, 
d, 3meta  3Hz, H-5), 7.28 (1H, dd, Jmeta  3Hz, Jortho  9Hz, 
H-7), 6.95 (1H, S, CH), 3.98 (3H, s, CH 3 ), 3.14 (3H, s, 
eli 3 ) and 3.00 (3H, s, CH 3 ). 
Found: C, 55.3; H,.5.4; N, 18.2%; m/z (FABms), 
305 (M+H)+. 
C 14H 16N 40 4 requires: 	C, 55.3; H, 5.3; N, 18.4%; N, 304. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of gums (total 0.09 g) 
whose t.1.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
3-Azidomethyl-6-methoxVbeflZO-1. 2. 4-triazine (239) 
A stirred solution of the benzotriazine (211b) (1.0 g; 
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0.005 mol) in ethanol (20.0 cm 3 ) was treated with a 
solution of sodium azide (0.33 g; 0.005 mol) in water 
(5.0 cm 3 ) and the mixture was heated under ref lux for 
1.5h. 
The resulting solution was evaporated and the residue 
was treated with water (5.0 cm 3 ) then extracted with 
methylene chloride to afford 3-azidomethyl-6-methoxybenzo-
1,2,4-triazine (239) (1.1 g; 100%) as a yellow powder m.p. 
100-102 0  (from toluene-light petroleum), umax  2100 (N 3 ) 
CM-1,  5H (CDC1 3 ) 8.34 (1H, d, Jortho  9Hz, H-8), 7.46 (1H, 
dd, Jmeta  2Hz,  Jortho  9Hz, H-7), 7.22 (1H, d, Jmeta  2Hz, 
H-5), 4.91 (2H, S, CH 2 ) and 4.00 (3H, s, CH 3 ). 
Found: 	m/z (Elms), 216.0769 (M+). 
C g H 8 N 6 O requires: N, 216.0760. 
The Reduction of 3-Az idomethyl-6-methoxvbenzo-1. 2 • 4-
triazine (239) over Palladium on Charcoal in the 
Presence of Hydrogen 
A solution of the azide (239) (0.43 g; 0.002 inol) in 
ethyl acetate was added to 10% w/w palladium on charcoal 
(0.04 g) and the mixture was shaken with hydrogen at 
20 0/4 atm. for 5h. 
The resulting mixture was filtered through a celite 
pad and the filtrate was evaporated to give an intractable 
solid (0.40 g; 100%) Pmax  3400-3100 br (NH 2) cm which 
was tentatively assigned as 3-aminomethyl-6-methoxybenzo- 
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1,2,4-triazine (240). 
The Attempted Reaction of 6-Methoxy-3-methylbenzo-1 .2 • 4-
triazine (211e) with Tosyl Azide in the Presence of 
Sodium Hydride 
A stirred suspension of sodium hydride (0.03 g; 
1.1 x 10 mol) in anhydrous ethyleneglycol dimethylether 
(5.0 cm 3 ) was treated dropwise at room temperature with a 
solution of the benzotriazine (211e) (0.18 g; 0.001 mol) 
in anhydrous ethyleneglycol dimethylether (2.5 cm 3 ). The 
mixture was stirred at room temperature for 15 min then 
treated with a solution of tosyl azide (0.20 g; - 0.001 mol) 
in anhydrous ethyleneglycol dimethylether (2.5 cm) and 
the mixture stirred, with exclusion of atmospheric 
moisture, at room temperature for 17h. 
The resulting mixture was treated with water (2.5 cm 3 ) 
then evaporated to give a gummy residue. This was treated 
with water (2.5 cm 3 ) then extracted with methylene 
chloride to give unreacted starting material (211e) 
(0.18 g; 100%) m.p. 128-131 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
Repetition of the reaction as described in (i) 
above but stirring the suspension of the benzotriazine 
(211e) and sodium hydride at 50 0 then treating the mixture 
with a solution of tosyl azide in ethyleneglycol 
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dimethylether at room temperature resulted in the recovery. 
of unreacted starting material (211e) (100%). 
3-(-Acetoxybenzy1) -6-methoxyberizo-1. 2 4-triazine (237a) 
A stirred solution of the benzotriazine (236) (0.28 g; 
0.001 mol) in glacial acetic acid (5.0 cm 3 ) was heated 
under reflux for 3h. 
The resulting solution was evaporated to give a gum 
(0.28 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
3-(a-acetoxybenzyl) -6-methoxybenzo-1, 2, 4-triazine (237a) 
(0.26 g; 84%) as a yellow powder m.p. 9799 0 (from 
toluene), umax 1740 (CO) CM-1, 6H  (CDC1 3 ) 8.28 (1H, .d, 
ortho 9Hz, H-B), 7.68-7.63 (2H, m, ArH), 7.44-7.T16 (5H, 
m, ArH and 1H, S, CH), 3.97 (3H, S, CH.) and 2.27 (3H, S. 
CH 3 ). 
Found: C, 66.2; H, 5.0; N, 13.5%; m/z (Elms), 309 (M+). 
C 17 H 15 N 3 0 3 requires: 	C, 66.0; H, 4.8; N, 13.6%; M, 309. 
Elution with hexane-ethyl acetate (6:4) gave a trivial 
amount of a gum which was not further investigated. 
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The Reaction of 8-Methoxy-3-phenyl-1.2,3-triaZolOr5. 1-c1 
benzo-1,24-triazine (236) with Acetyl Chloride in the 
Presence of Acetic Acid 
(1) 	A stirred suspension of the benzotriazine (236) 
(0.28 g; 0.001 mol) in glacial acetic acid (2.5 cm 3 ) and 
acetyl chloride (3.8 cm 3 ) was heated under reflux for 3h. 
The resulting solution was evaporated to give a gum 
(0.32 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afforded 
3-(a- chlorobenzyl)-6-methoxybenzo-1, 2, 4-triazine (237b) 
(0.20 g; 70%) which formed yellow needles in.p. 113-114 0 
(from toluene), oH (CDC1 3 ) 8.32 (1H, d, Jortho  9Hz, H8), 
7.77-7.72 (2H, m, ArH), 7.50-7.25 (5H, m, ArH), 6.61 (1H, 
Sy CH) and 4.01 (3H. 	. CH. 
 ---F 	
- -------- 
	 - -- I 	 I - 
Found: C, 63.0; H, 4.2; N, 14.5%; m/z (Elms), 285 and 287 
(Mt ). 
C 15 H 12 C1N 30 requires: C, 63.0; H, 4.2; N, 14.7%; N, 285.5. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave a series of gums (total 0.07 g) 
whose t.1.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
(ii) 	A stirred suspension of the triazole (236) 
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(11.1 g; 0.04 mol) in glacial acetic acid (100 cm 3 ) and 
acetyl chloride (150 cm 3 ) was heated under reflux for 3h. 
The resulting solution was evaporated to give a tar 
(11.3 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) gave 
7-chloro-3-(a-chlorobenzyl) -6-methoxybenzo-1, 2, 4-triazine 
(238) (1.6 g; 18%) as a yellow powder m.p. 131-132 0 (from 
toluene), oH (CDC1 3 ) 8.46 (1H, s, H-8), 7.78-7.66 (2H, m, 
ArH), 7.42-7.28 (4H, m, ArH), 6.60 (lH, s, CH) and 4.08 
(3H, s, CH 3 ) 
Found: C, 55.4; H, 3.4; N, 13.2%; m/z (FABms), 320.0358 and 
322.0328 (N+H). 
C 15H 11 C1 2N 30 requires: C, 56.3; H, 3.4; N, 13.1%; --(K+ H), 
320.0357 and 322.0328. 
Further elution with hexane-ethyl acetate (9:1) 
afforded 3- (cr-chlorobenzyl) -6-methoxybenzo-1, 2, 4-triazine 
(237b) (5.8 g; 51%) m.p. 111-113 0 , identical (m.p. and 
i.r. spectrum) to an authentic sample prepared in (i) 
above. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave a series of gums (total 4.2 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
3-Benzyl-6-methoxybenzo-1. 2, 4-triazine (237c) 
A stirred solution of the benzotriazine (236) (0.83 g; 
0.003 mol) in glacial acetic acid (15.0 cm 3 ) was heated 
under ref lux for lh then treated with sodium dithionite 
(0.8 g), at room temperature, and heated under reflux for 
a further lh. The mixture was cooled to room temperature 
then treated, with stirring, with sodium dithionite 
(0.8 g) and heated under reflux for lh. 
The resulting mixture was evaporated and the residue 
was treated with water (5.0 cm 3 ) then extracted with 
methylene chloride to give a gum (0.92 g) which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded 
3-benzyl-6-methoxybenzo-1,2,4-triazine (237c) (0.63 g; 
79%) as a yellow solid m.p. 104-105 0 (from toluene), H 
(CDC1 3 ) 8.28 (lH, d, Jortho  9Hz, H-8), 7.46-7.12 (7H, m, 
ArH), 4.62 (2H, s, CH 2 ) and 3.97 (3H, s, Cl! 3 ). 
Found: C, 71.6; H, 5.2; N, 17.2%; m/z (FABm5) 252.1137 
(M+H) + 
C 15 11 13N 30 requires: C, 71.7; H, 5.2; N, 16.7%; M, 251.1137 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums (total 0.13 g) 
whose t.1.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
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3-(p-Azidobenzyfl-6-methoxybenzo-1,2 .4-triazine - (244) 
A stirred solution of the benzotriazine (237b) (2.0 g; 
0.007 mol) in ethanol (25.0 cm 3 ) was treated with a 
solution of sodium azide (0.46 g; 0.007 mol) in water 
(7.5 cm 3 ) at room temperature and the mixture was heated 
under reflux for 1.5h. 
The resulting solution was evaporated and the residue 
was treated with water (7.5 cm 3 ) then extracted with 
methylene chloride to afford 3-(a-azidobenzyl)-6-methoxy 
benzo-1,2,4-triazine (244) (2.0 g; 100%) which formed 
yellow plates m.p. 132-133 0 (from toluene), ' max  2100 (N 3 ) 
cm11 6H  (CDC1 3 ) 8.30 (1H, d, Jortho  9Hz, H-B), 7.59-7.29 
(7H, m, ArH), 6.23 (1H, 5, CH) and 3.96 (3H, s,CH 3 ). 
Found: 	m/z (Elms) 292.1069 (M+). 
C 15 11 12 N 6 0 requires: 	M, 292.1072. 
The Reduction of 3-(a-Azidobenzyl) -6-methoxybenzo-1. 2 • 4-
triazjne (244) with Hydrogen over 10% Paladjum-on-charcoal 
A solution of the azide (244) (1.5 g; 0.005 inol) in 
ethyl acetate (40.0 cm 3 ) was added to 10% palladium on 
charcoal (0.15 g) and the mixture was shaken with hydrogen 
at 20 0/4 atm. for 5h. 
The resulting mixture was filtered through a pad of 
celite and the filtrate was evaporated to give an 
intractable gum which was tentatively assigned as 3-(a-
aminomethyl)-6-methoxybenzo-1,2,4-trjazjne (243) (1.5 g; 
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100%), 'max  3400-3100 cm-1 and which was used without 
further purification. 
The Attemtted Reaction of 3- (c-Aminomethvl) -6-metho 
benzo-1 .2 . 4-triazine (243) with  
A stirred solution of the amine (243) (0.26 g; 
0.001 mol) in anhydrous 1,4-dioxane (5.0 cm 3 ) was treated 
with a solution of phenylisocyanate (0.12 g; 0.001 mol) in 
anhydrous 1,4-dioxane (5.0 cm 3 ) and the mixture was 
stirred at room temperature for 2h. 
The resulting solution was evaporated to give 
unreacted starting material (243) (0.21 g; 81%) as 
a gum, identified by comparison (i.r. spectrum) with.. an 
authentic sample. 
The Diazotisation of 3- (a-Aininomethyl) -6-methoxvbenzo-
1.2.4-triazine (243) 
(i) 	A stirred suspension of the amine (243) 
(0.26 g; 0.001 mol) in 5M aqueous hydrochloric acid (2.5 
cm 3 ) was cooled to 0 0 (ice-salt bath) then treated 
dropwise at 0-5° with a solution of sodium nitrite (0.08 
g; 0.0011 mol) in water (0.25 cm 3 ) and the mixture was 
stirred in the melting ice bath for 2h. 
The resulting suspension was evaporated to give a gum 
(0.27 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl 	acetate 	(9:1) 	gave 
3-(a-chlorobenzyl)-6-methoxybenzo-1,2,4-triazine (237b) 
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(0.11 g; 38%) m.p. 100-103 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
Further elution with hexane-ethyl acetate (9:1) 
afforded 3-hydroxymethyl-6-methoxybenzo-1, 2, 4-triazine 
(242) (0.02 g; 7%) as a yellow powder m.p. 115-117 0 (from 
toluene), umax 3400-2900 br (OH) cm-1, 6H (CDC1 3 ) 8.33 
(1H, d, Jortho 9Hz, H-B), 7.65-7.18 (7H, in, ArH), 6.31 
(1H, s, CH), 4.00 (3H, 5, CH 3 )and 3.50 (1H, brs, OH) 
(exch.). 
Found: 	m/z (Elms), 267.1013 (M+). 
C 15 H 13 N 3 0 2 requires: 	N, 267.1008. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave a series of gums and solids 
(total 0.07 g) whose t.l.c. in ethyl acetate over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
(ii) 	A stirred solution of the amine (243) (0.13 g, 
0.005 mol) in glacial acetic acid (1.3 cm 3 ) was treated 
dropwise at <30 0 (water bath) with concentrated sulphuric 
acid (0.4 cm 3 ) then cooled to 0 0 (ice-salt bath). The 
stirred solution was treated dropwise, at 0-5°C, with a 
solution of sodium nitrite (0.04 g; 0.0006 mol) in water 
(0.1 cm 3 ) then stirred in the melting ice-salt bath for 
2h. 
The resulting mixture was treated with water (1.3 cm3) 
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and extracted with methylene chloride. The extract was 
washed three times with 10% w/v aqueous sodium hydrogen 
carbonate (3 x 2.0 cm 3 ) and once with water (2.0 cm 3 ) then 
evaporated to give an intractable gum (0.11 g) which was 
not further investigated. 
The Attempted Reaction of 3-Benzyl-6-methoxybenzo-1,2,4-
triazine (237c) with Tosyl azide in the Presence of Sodium 
Hydride 
A stirred suspension of sodium hydride (0.03 g; 
0.001 mol) in anhydrous ethyleneglycol dimethylether 
(5.0 cm 3 ) was treated dropwise with a solution of 'the 
benzotriazine (237c) (0.25 g; 0.001 mol) in anhydrous 
ethyleneglycol dimethylether (2.5 cm 3 ). The mixtüie' was 
stirred at room temperature for 15 min then treated, in 
one portion, with a solution of tosyl azide (0.20 g; 
0.001 mol) in anhydrous ethyleneglycol dimethylether 
(2.5 cm 3 ) and the mixture was stirred, with exclusion of 
atmospheric moisture, at room temperature for 17h. 
The resulting solution was treated with water 
(2.5 cm 3 ) then evaporated to give a gummy residue. This 
was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to afford unreacted starting material 
(237c) (0.15 g; 60%) m.p. 91-93 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
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The Reaction of Ethyl 8-Hvdroxv-1.2.3-triazolof5,1-c] 
benzo-1. 2. 4-triazine-3-carboxy].ate (248) /Ethyl 8-Hydroxy-
1,2. 
(249) Isomer Mixture with Sodium Hydride 
A stirred suspension of sodium hydride (0.05 g; 
0.0022 mol) in anhydrous dimethylformamide (2.5 cm 3 ) was 
treated dropwise, at room temperature, with a solution of 
the isomer mixture (248)/(249) (0.52 g; 0.002 mol) in 
anhydrous dimethylformamide (5.0 cm 3 ) and the mixture was 
stirred at room temperature for 15 mm. 
The resulting solution was evaporated and the residue 
was washed with ethanol to afford a 6:1 inseparable 
mixture of ethyl 8-hydroxy-1, 2, 3-triazolo[5, 1-c]benzo-
1,2 ,4-triazine-3-carboxylate sodium salt (250) [isomer A] 
and ethyl 8-hydroxy-1,2,3-triazolo[1.5_b]beflzo_12.4_ 
triazine-1-carboxylate sodium salt (251) [isomer B] as an 
intractable brown solid m.p. 108110°, 'max 3500-2900 br 
(ONa) and 1690 (CO) cm-1, 6H [(CD 3 ) 2S0] 8.25 (1H, d, 
ortho 9Hz, H-6 [isomer A]), 7.60 (1H, d, Jortho,  9Hz, H-6 
[isomer B]), 7.13-6.99 (2H, m, ArH [isomer A] and 2H, in, 
ArH [isomer B]), 4.44 (2H, q, J7Hz, Cl! 2 [isomer A] and 2H, 
q, J7Hz, CH 2 [isomer B]), 1.37 (3H, t, J7Hz, CH  [isomer 
A]) and 1.28 (3H, t, J7HZ CH  [isomer B]). Due to the 
insolubility of this material it was not possible to 
obtain an elemental analysis. In addition, the mass 
spectrum of this solid gave no parent ion or attributable 
fragment ion. 
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The Reaction of Ethyl 6,8-Dimethoxy-1,2,3-triazolol511-c1 
benzo-12.4-triazine-3-carboxylate (259b)/Ethyl 6,8-
Dimethoxy-1.2,3-triazolorl.5-blbenzo-1,2 .4-triazine-l-
carboxvlate (260b) Isomer Mixture with 2M Aaueous Sodium 
Hydroxide in the Presence of Methanol 
A stirred solution of the isomer mixture (259b)/(260b) 
(0.61 g; 0.002 mol) in methanol (20.0 cm 3 ) was heated to 
reflux then treated with 2M aqueous sodium hydroxide 
(2.5 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was treated with water (5.0 cm 3 ) then filtered. 
The insoluble solid was collected to afford sodium 6,8-
dimethoxy-1, 2, 3-triazolo [5, l-c]benzo-1, 2, 4-triazine-3- 
carboxylate (261a) [isomer A] (0.54 g; 91%) as an 
intractable brown solid m.p. >350°C. umax  3400-2500 br 
(ONa) cm-1, 5H  [(CD 3 ) 2SO] 7.50 (1H, d, Jmeta  2Hz, H9), 
7.03 (lH, d, Jmeta  2Hz, H-7), 4.12 (3H, s, CH 3 ) and 4.09 
(3H, s, CH 3)' 
The aqueous alkaline mother-liquor was acidified to 
litmus using 2M aqueous sulphuric acid and the resulting 
insoluble solid collected and combined with the insoluble 
solid obtained upon treatment of the sodium salt (261a) 
with 2M aqueous sulphuric acid (7.5 cm 3 ) to give a 7:1 
mixture of 6,8-dimethoxy-1,2,3-triazolo[5,1-c]benzo-1,2,4-
triazine-3-carboxylic acid (261b) [isomer A] and 6,8-
dimethoxy-1,2,3-triazolo[1,5-b]benzo-1,2,4-triazine-1- 
carboxylic acid (262b) [isomer B] (0.52 g; 93%) as a red 
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powder, which was purified by precipitation from 2M 
aqueous sodium hydroxide using 2M aqueous sulphuric acid, 
m.p. 210212 0 , vmax 3500-2500 br (OH) and 1740 (CO) cm', 
oH [(CD 3 ) 2S0] 9.05 (1H, s, H-3 due to partial 
decarboxylation [isomer A]), 8.95 (1H, s, H-3 due to 
partial decarboxylation [isomer B]), 7.45 (1H, d, imeta 
2Hz, H-9 [isomer A]), 7.26 (1H, d, Jmeta  2Hz, H-9 [isomer 
B]), 7.00 (1H, d, Jmeta  2Hz, H-7 [isomer A]), 6.84 (1H, 
d, imeta  2Hz, H-7 [isomer B]), 4.15 (3H, s, CH 3 [isomer 
B]), 4.12 (3H, s, CH  [isomer A]), 4.09 (3H, s, CH 3 
[isomer A]) and 4.04 (3H, s, CH 3 [isomer B]). 
Found: C, 45.2; H, 3.6; N, 24.2%; in/z (FABm5), 276 
[M+H-(H 2 O)]. 
C 11 H 9N cO 4 .H 20 requires: C, 45.1; H, 3.8; N. 23.9%; M. 293. 
6. 8-Diinethoxy-1 2. 3-triazolo 15.1-cl benzo-1. 2 . 4-triazine 
(263)/6.8-Dimethoxy-12.3-triazololl,5-blbenzo-1,2.4-
triazine (264) Isomer Mixture 
A stirred suspension of the isomer mixture (261b)/ 
(262b) (0.27 g; 0.001 mol) in anhydrous 1,4-dioxane 
(10.0 cm 3 ) was heated under reflux for 3h. 
The resulting suspension was evaporated to give a 7:1 
mixture of 6,8-dimethoxy-1,2,3-triazolo[5,1-c]benzo-1,2,4-
triazine (263) [isomer A] and 6,8-dimethoxy-1,2,3- 
triazolo[1,5-b]benzo-1,2,4-triazine 	(264) 	[isomer 	B] 
(0.22 g; 96%) which formed brown needles, m.p. 223-2260 
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(from dimethylformamide), 611 [(CD 3 ) 2S0] 9.09 (lH, s, H-3 
[isomer A]), 8.96 (1H, S 1 11-3 [isomer B]), 7.42 (111, d, 
meta 2Hz, H-9 [isomer A]), 7.25 (lH, d, Jmeta  2Hz, H-9 
[isomer B]), 7.00 (111, d, Jmeta  2Hz, 11-7 [isomer A]), 6.83 
(1H, d, Jmeta 2Hz, H-7 [isomer B]), 4.16 (3H, s, CH 3 
[isomer B]), 4.13 (3H, 5, CH 3 [isomer A]), 4.08 (311, s, 
CH 3 [isomer A]) and 4.04 (3H, S, CH 3 [isomer B]). 
Found: C, 51.9; H, 3.9; N, 30.3%; m/z (Elms) 231 (M). 
C 10H 9 N 5 0 2 requires: C, 51.9; H, 3.9; N, 30.3%; M, 231. 
3-Acetoxvmethyl-6. 8-dimethoxvbenzo-1.,2 . 4-triazine (265a) 
A stirred suspension of the isomer mixture 
(261b)/262b) (0.61 g; 0.002 mol) in glacial acetic acid 
(20.0 cm 3 ) was heated under ref lux for 3h. 
The resulting solution was evaporated to give a gum 
(0.53 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
3-acetoxymethyl-6, 8-dimethoxybenzo-1, 2, 4-triazine (265a) 
(0.24 g; 46%) which formed yellow needles m.p. 130-132 0 
(from toluene), umax  1740 (CO) cm-1,  6H (CDC1 3 ) 6.81 (111, 
d, Jmeta 2Hz, H5), 6.70 (111, d, Jmeta  2Hz, H-7), 5.67 
(2H, s, CH 2 ), 4.13 (311, s, Cl! 3 ), 4.00 (3H, S, CH 3 ) and 
2.26 (311, s, CH 3 ). 
Found: C, 54.7; H, 5.1; N, 16.1%; in/z (Elms), 263 (M). 
C 12 H 13 N 3 0 4 requires: 	C, 54.8; H, 4.9; N, 16.0%; M, 263. 
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Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums (total 0.10 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
3-Ethoxvmethvl-6. 8-dimethoxvbenzo-1. 2. 4-triazine (265b) 
A stirred suspension of the isomer mixture 
(261b)/(262b) (0.61 g; 0.002 mol) in ethanol (10.0 cm 3 ) 
was treated with 70% w/v aqueous perchioric acid (0.5 cm 3 ) 
and the mixture was heated under reflux for lh. 
The resulting solution was neutralised to litmus using 
8% w/v aqueous sodium hydrogen carbonate (12.0 cm 3 ) then 
extracted with methylene chloride to give a gum (0:40 g) 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (1:1) afforded 
3-ethoxymethyl-6, 8-dimethoxybenzo-]., 2, 4-triazine (265b). 
(0.19 g; 38%) which formed yellow needles m.p. 96-98 0 
(from toluene), 6H  (CDC1 3 ) 6.90 (1H, d, 3meta  2HZ, H-5), 
6.70 (lH, d, 3meta  2HZ, H-7), 6.13 (2H, S, CH 2 ), 4.13 (3H, 
s, Cl! 3 ), 3.99 (3H, s, CH 3 ), 3.80 (2H, q, 37Hz, CH 2 ) and 
1.35 (3H, t, 37Hz, CH 3 ). 
Found: C, 57.8; H, 6.1; N, 16.8%; m/z (FABIDS), 
250 (M+H. 
C 12H 15N 30 3 requires: C, 57.8; H, 6.0; N, 16.9%; M, 249. 
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Elution with hexane-methylene chloride (4:6) through 
methylene chloride to methanol gave a series of gums 
(total 0.11 g) whose t.l.c. in methylene chloride over 
silica showed them to be unresolvable multi-component 
mixtures which therefore were not further investigated. 
3- (c-Acetoxy-a-ethoxycarbonyl) methvl-6. 7-dimethoxybenzo-
1,2,4-triazine (270a) 
A stirred solution of the triazolobenzotriazine (268a) 
(0.61 g; 0.002 mol) in glacial acetic acid (10.0 cm 3 ) was 
heated under reflux for lh. 
The resulting solution was evaporated to afford 3-(a-
acetoxy-a-ethoxycarbonyl) inethyl-6, 7-dimethoxybénzo-1, 2,4-
triazine (270a) (0.68 g; 100%) which formed cream Coloured 
needles m v 	1 0 -1 01 0 If rrm 	 +-f t1 ii 	'I  LII. • 	 ' 	 -- 	 I 	IRdX 
1770 (CO) and 1755 (CO) cm-1, 6H  (CDC1 3 ) 7.62 (111, s, 
H-8), 7.22 (lH, S, H-5), 6.60 (lH, s, CH), 4.25 (2ff, q, 
J7Hz, CH 2 ), 4.08 (3H, 5, CH 3 ), 4.05 (3H, s, CH.), 2.20 
(311, s, CH 3 ) and 1.21 (3H, t, J7Hz, CH 0' 
Found: 	C, 53.4; H, 5.1; N, 12.3%; m/z (Elms), 335 (M). 
C 1 5H1?N3 0 6 requires: 	C, 53.7; H, 5.1; N, 12.5%; M, 335. 
3- (a-Acetoxv-c-ethoxycarbonv1)methv1-6. 7-inethylenedioxy-
benzo-1,2,4-triazine (270b) 
A stirred solution of the triazolobenzotriazine (268b) 
(0.57 g; 0.002 mol) in glacial acetic acid (10.0 cm 3 ) was 
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heated under reflux for 24h. 
The resulting solution was evaporated to give a gum 
which was washed with ether to afford 3-(a-acetoxy-a-
ethoxycarbonyl)methyl-6, 7-methylenedioxybenzo-1, 2,4-
triazine (270b) (0.57 g; 89%) as a yellow powder m.p. 
158_1600 (from ethyl acetate-toluene), umax 1760 (CO) and 
1750 (CO) cm', oH (CDC1 3 ) 7.60 (1H, S, H-8), 7.21 (1H, s, 
H-5), 6.57 (1H, s, CH), 6.25 (2H, s, CH 2 ), 4.26 (2H, q, 
J7Hz, CE! 2 ), 2.20 (3H, s, CH 3 ) and 1.21 (3H, t, J7Hz, CH 3 ). 
Found: 	C, 52.5; H, 4.0; N, 13.2%; m/z (Elms), 319 (M+). 
C 1413 13 N 3 0 4 requires: 	C, 52.7; H, 4.1; N, 13.2%; M, 319. 
Evaporation of the ethereal filtrate gave a gum 
1 0.02 g) whose t.l.c in ethyl acetate over silica showed 
it to be an unresolvable multi-component mixture which 
therefore was not further investigated. 
The Attempted Reaction of Ethyl 6.7.8-Trimethoxv-1.23-
triazolor5. 1-clbenzo-1.2 .4-triazine-3-CarboxVlate (281a/ 
Ethyl 6.7.8-Trimethoxv-1.2.3-triaZOlOrl.5 -blbeflZO1. 2 , 4 
triazine-1-carboxylate (282a) Isomer Mixture with 2M 
Aaueous Sodium Hydroxide in the Presence of Methanol 
A stirred solution of the isomer mixture (281a)/(282a) 
(0.33 g; 0.001 mol) in methanol (10.0 cm 3 ) was heated to 
ref lux then treated with 2M aqueous sodium hydroxide 
(1.3 cm 3 ) and the mixture was heated under reflux for lh. 
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The resulting suspension was evaporated to give a 
gummy residue which was treated with water (1.5 cm 3 ). The 
mixture was filtered to remove a trivial amount of an 
insoluble solid and the filtrate was acidified to litmus 
using 2M aqueous sulphuric acid. The resulting suspension 
was filtered, however only a trivial amount of a solid 
could be collected and this was not further investigated. 
Further work up of the aqueous acidic mother-liquor gave 
no other product. 
The Reaction of Ethyl 6,7.8-Trimethoxy-l2.3-triazolo-
15.1-cl benzo-1. 2. 4-triazine-3-carboxvlate (281a)/Ethyl 
6.7 .8-Trimethoxv-l. 2. 3-triazolof 1. 5-blbenzo-1 24-
triazine-l-carboxvlate (282a) Isomer Mixture with Sodium 
the 	 tf Mhr1 
A stirred solution of the isomer mixture (281a)/(282a) 
(0.33 g; 0.001 mol) in methanol (5.0 cm 3 ) was heated to 
reflux then treated with a solution of sodium (0.09 g; 
0.004 g.atom) in methanol (3.0 cm 3 ) and the mixture was 
heated under reflux for lh. 
The resulting suspension was filtered and the 
insoluble solid was collected to afford a 2:1 mixture of 
sodium 6,7,8-trimethoxy-1,2,3-triazolo[5, 1-c]benzo-1,2,4-
triazine-3-carboxylate (283) [isomer A] and sodium 6,7,8-
trimethoxy-1, 2, 3-triazolo[5, 1-b]benzo-1, 2, 4-triazine-1- 
carboxylate (284) [isomer B] (0.27 g; 83%) as a light 
brown solid m.p. 162-164 0 (from dimethylformamide), Pmax 
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3500-2500 br (ONa) and 1720 (CO) cm', 6H  (D 20) 7.43 (1H, 
s, H-9 [isomer A]), 6.88 (lH, s, H-9 [isomer B]), 4.37 
(3H, s, CH  [isomer B]), 4.36 (3H, s, CH  [isomer A]), 
4.26 (3H, s, CH. [isomer B]), 4.19 (H, s, CH  [isomer A] 
and 3H, s, CH  [isomer B]) and 4.12 (3H, s, CH  [isomer 
A]), oH [(CD 3 ) 2S0] 9.08 (1H, s, H-3 due to partial 
decarboxylation [isomer A]), 8.57 (1H, s, H-3 due to 
partial decarboxylation [isomer B]), 7.75 (lH, s, H-9 
[isomer A]), 7.20 (lH, s, H-9 [isomer B]), 4.27 (3H, 5, 
Cl! 3 [isomer A]), 4.11 (3H, s, CH  [isomer A]), 4.09 (3H, 
s, CH  [isomer B]), 4.03 (3H, s, CH  [isomer B]), 4.02 
(3H, s, CH  [isomer A]) and 3.93 (3H, S, CH  [isomer A]). 
The Attempted Decarboxylation of 8-Ethoxy-1,2,3-triaiolo 
f51-clbenzo-1.24-triazine-3-carboxylic Acid (209a)/8-
Ethoxy-1.,2 .3-triazolorl,5-blbenzo-1,2 .4-triazine-1-
carboxvlic Acid (210a) Isomer Mixture in the Presence of 
Dimethyl formamide 
A stirred solution of the isomer mixture (209a)/(210a) 
(0.49 g; 0.002 inol) in anhydrous dimethylformamide 
(10.0 cm 3 ) was heated under reflux for lh. 
The resulting solution was evaporated to give an 
intractable tar (0.48 g) from which no identifiable 
material could be obtained and therefore was not further 
investigated. 
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3-Acetoxvmethyl-6-ethoxvbenzo-1, 2 14-triazine (285a) 
A stirred suspension of the isomer mixture (209a)/ 
(210a) (0.49 g; 0.002 mol) in glacial acetic acid 
(20.0 cm 3 ) was heated under reflux for 0.5h. 
The resulting solution was evaporated and the residue 
was washed with methylene chloride to afford unreacted 
starting material (209a) and (210a) (0.10 g; 20%) m.p. 
120-122°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The methylene chloride mother-liquor was evaporated to 
give a gum (0.44 g) which was flash-chromatographed over 
silica. 
Elution with hexane-ethyl acetate (7:3) afforded 3-
acetoxymethyl-6-ethoxybenzo-1, 2, 4-triazine (285a) (0.17 g; 
40%) which formed yellow plates m.p. 98-99 0 (from toluene-
light petroleum), umax 1740 (CO) cm', oH (CDC1 3 ) 8.32 
(1H, d, Jortho  9Hz, H-B), 7.45 (1H, dd, Jmeta  2Hz,  3ortho 
9HZ, H-7), 7.15 (lH, d, Jmeta 2Hz, H5), 5.65 (2H, S, 
CH 2 ), 4.22 (2H, q, J7Hz, CH 2 ), 2.23 (3H, s, CH 3 ) and 1.51 
(3H, t, J7Hz, CH 0' 
Found: 	C, 58.3; H, 5.3; N, 17.0%; m/z (Elms), 247 (M+). 
C 12 H 13 N 3 0 3 requires: 	C, 58.3; H, 5.3; N, 17.0%; N, 247. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums (total 0.14 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
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be unresolvable multi-component mixtures which therefore 
were not further investigated. 
The Reaction of 8-Ethoxv-12. 3-triazolol5. 1-clbenzo-1,2.4-
triazine-3-carboxvlic Acid (209a)/8-Ethoxy-1.23--triazolo 
Fl. 5-b]benzo-l.2.4-triazine-l-carboxvlic Acid (210a 
Isomer Mixture with Acetyl Chloride in the Presence of 
Glacial Acetic Acid 
A stirred suspension of the isomer mixture (209a)/ 
(210a) (0.52 g; 0.002 mol) in glacial acetic acid 
(5.0 cm 3 ) and acetyl chloride (7.5 cm 3 ) was heated under 
reflux for 0.5h. 
The resulting solution was evaporated to -- give a gum 
which was triturated with ether to afford 3-chiorolethyl-
6=ethoxybenzo-1,2,4-triazine (285b) ( 0.15 g; 33%) which 
formed yellow plates m.p. 146-148 0 (from toluene), 6H 
(CDC1 3 ) 8.38 (1H, d, Jortho  9Hz, H-8), 7.50 (1H, dd, Jmeta 
2HZ, Jortho  9Hz, H-7), 7.23 (1H, d, Jmeta  2Hz, H-5), 5.12 
(2H, s, CH 2 ), 4.27 (2H, q, J7Hz, CH 2 ) and 1.55 (3H, t, 
J7Hz, CH 3 ). 
Found: C, 53.6; H, 4.4; N, 18.9%; m/z (Elms), 224 and 226 
(Mt). 
C 10H 10 C1N 3 0 requires: C, 53.7; H, 4.6; N, 18.8%; M, 224.5. 
Evaporation of the ethereal mother-liquor gave a gum 
(0.36 g) which was flash-chromatographed over silica. 
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Elution with hexane-ethyl acetate (8:2). afforded 
7-chloro-3-chloromethyl-6-ethoxybenzo-1, 2, 4-triazine (287) 
(0.02 g; 4%) which formed yellow plates m.p. 170-172 0  
(from toluene-light petroleum), oH (CDC1 3 ) 8.52 (1H, s, 
H-8), 7.30 (1H, 5, H-5), 5.12 (2H, s, CH 2), 4.35 (2H, q, 
J7Hz, CH 2 )and 1.61 (3H, t, J7Hz, CH 0' 
Found: C, 46.2; H, 3.3; N, 16.1%; m/z (Elms), 258 and 260 
(M). 
C 10 H 9 C1 2 N 30 requires: C, 46.9; H, 2.8; N, 16.4%; M, 258.5. 
Further elution with hexane-ethyl acetate (8:2) gave a 
second crop of the 3-chloromethylbenzotrjazjne (285b) 
(0.09 g; 20%) m.p. 146-148 0 , identical (m.p. and '!ñ.m.r. 
spectrum) to an authentic sample obtained before. 
Continued 	elution 	with 	hexane-ethyl 	acetate 
(8:2) yielded 3-acetoxymethyl-6-ethoxybenzo-1, 2, 4-triazine 
(285a) (0.06 g; 13%) m.p. 86-92 0 , identified by comparison 
(m.p. and 'H n.m.r. spectrum) to an authentic sample 
prepared before. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums (total 0.18 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
3 -Ethoxymethyl-6-ethoxybenzo-1, 2, 4-triazine (285c) 
A stirred suspension of the isomer mixture (209a)/ 
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(210a) (0.49 g; 0.002 mol) in ethanol (10.0 cm 3 ) was 
treated with 70% w/v aqueous perchioric acid (0.50 cm 3 ) 
and the mixture was heated under ref lux for lh. 
The resulting solution was neutralised to litmus using 
8% w/v aqueous sodium hydrogen carbonate (12.0 cm 3 ) then 
extracted with methylene chloride to give a gum (0.32 g) 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded 
3-ethoxymethyl-6-ethoxybenzo-1, 2, 4-triazine (285c) 
(0.27 g; 62%) which formed yellow needles m.p. 80-82 0  
(from toluene), oH (CDC1 3 ) 8.35 (lH, d, 3ortho 9Hz, H-8), 
7.47 (1H, dd, 3meta 2Hz, 3ortho 9Hz, H-7), 7.26 (1H, d, 
3meta 2Hz, H-5), 5.14 (2H, s, CH 2 ), 4.24 (2H, q, 37Hz, 
CH 2 ), 3.81 (2H, q, J7Hz, CH 2 ), 1.55 (3H, t, 37Hz, 6H 3 )'and 
1.36 (3H, t, 37Hz, CH 3 ). 
Found: C, 61.9; H, 6.5; N, 18.0%; m/z (Elms), 233 (M+) .. 
C 12 H 15 N 3 0 2 requires: C, 61.8; H, 6.4; N, 18.0%; N, 233. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums (total 0.05 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
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3-Acetoxymethyl-6-ethoxv-7-methoxybenzo-1. 2. 4-triazine 
(290c) 
A stirred solution of the triazolobenzotriazine (289c) 
(0.29 g; 0.001 mol) in glacial acetic acid (10.0 cm 3 ) was 
heated under reflux for 3h. 
The resulting solution was evaporated to give a gum 
(0.29 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
3-acetoxymethyl-6-ethoxy-7-methoxybenzo-1, 2, 4-triazine 
(290c) (0.15 g; 54%) which formed yellow plates m.p. 
128-130 0 (from toluene), umax  1740 (CO) C1111, 6H (CDC13) 
7.61 (1H, s, H-8), 7.16 (1H, 5, H-5), 5.61 (2H, s, CH 2 ), 
4.30 (2H, q, J7Hz, CH 2 ), 4.08 (3H, 5, CH 3 ), 2.21(3H, s, 
CH) and 1.55 (3H. t, J7Hz. CH). 
Found: 	C, 56.3; H, 5.4; N, 15.1%; m/z (Elms), 277 (Mi). 
C 13H 15N 30 4 requires: 	C, 56.3; H, 5.4; N, 15.2%; N, 277. 
Elution with hexane-ethyl acetate (6:4) through 
ethyl acetate to methanol gave a series of gums (total 
0.03 g) which were not further investigated. 
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8-Ethoy-7-methoxy-1. 2 .3-triazolo [1. 5-bi benzo-1. 2,4-
triazine-l-carboxyljc Acid (289c 
A stirred solution of the triazolobenzotriazine (268a) 
(1.2 g; 0.004 inol) in ethanol (60.0 cm 3 ) was heated to 
reflux then treated with 2M aqueous sodium hydroxide and 
the mixture was heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was acidified to litmus using 2M aqueous sulphuric 
acid. The mixture was filtered and the collected solid 
thoroughly washed with water to afford 8-ethoxy-7-methoxy-
1,2, 3-triazolo[ 1, 5-b]benzo--1, 2, 4-triazine-l-carboxylic 
Acid (289c) (1.0 g; 87%) as a yellow powder m.p. 173-176 0  
(precipitated from 2M aqueous sodium hydroxide using.. 2M 
aqueous sulphuric acid), vmax 3600-2500 br (OH) and 1670 
(CO) cm-1, oH [(CD),SOI 7.34 (1H, s, ArH). 7.31 (1H, s, 
ArH), 4.35 (2H, d, J7Hz, CH 2 ), 4.07 (3H, s, CH 3 )and 1.45 
(3H, t, J7Hz, CH 0' 
Found: 	in/z (FAB1U5), 290.0889 (M+H)+. 
C 12 H 11 N 5 0 4 requires: 	(144-H), 290.0889. 
The combined filtrate and washings were extracted with 
methylene chloride to give an intractable wax (0.07 g) 
which was not further investigated. 
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The Reaction of Ethyl 6,8-Dimethoxy-12 .3-triazolol5. 1-cl 
benzo-1. 2 ,4-triazine-3-carboxvlate (259b ) /Ethyl 68-
Dimethoxy-1.2. 3-trizolo 11. 5-blbenzo-1,2. 4-triazine-1-
carboxylate (260b) Isomer Mixture with 2M Aaueous Sodium 
Hydroxide in the Presence of Ethanol then with Glacial 
Acetic Acid 
A stirred solution of the isomers (259b) and (260b) 
(1.5 g; 0.005 mol) in ethanol (50.0 cm 3 ) was heated to 
ref lux then treated with 2M aqueous sodium hydroxide 
(6.3 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was treated with water (10.0 cm 3 ) then acidified 
to litmus using 214 aqueous sulphuric acid. The mixture 
was filtered and the insoluble red solid {(1.1 g) 'm.p. 
108112°1 3'max  3500-2500 br (OH) and 1700 (CO) cm 11 was 
collected. 
A stirred solution of the crude reaction product 
(0.87 g) in glacial acetic acid (30.0 cm 3 ) was heated 
under reflux for 3h. 
The resulting solution was evaporated to give a gum 
(0.90 g) which was flash chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
3-acetoxymethyl-6, 8-diethoxybenzo-1, 2, 4-triazine (290b) 
(0.10 g; 11%) which formed yellow plates m.p. 99_101 
(from toluene), Pmax  1750 (CO) cm', 6H  (CDC1 3 ), 6.74 (lH, 
d, Jmeta  2Hz, H-5), 6.65 (lH, d, Jmeta  2Hz, H-7), 5.61 
(211, s, Cu 2 ), 4.45 (2H, q, J7Hz, CH 2 ), 4.35 (2H, q, J7Hz, 
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CH 2 ), 2.21 (311, s, CH 01 1.61 (3H, t, J7Hz, CH 3 ) and 1.49 
(3H, t, J7Hz, CH 0' 
Found: C, 58.0; H, 6.4; N, 13.4%; m/z (Elms), 291.1211 
(Mt). 
C14 11 1 ? N 3 0 4 requires: C, 57.7; H, 5.8; N,.14.4%; N, 291.1219 
Further elution with hexane-ethyl acetate (7:3) gave 
3-acetoxymethy1-6-ethoxy-8_methoxybenzo_, 2, 4-triazine 
(290a) (0.09 g; 11%) which formed yellow needles m.p. 
120-123 0 (from toluene), "max 120-123 0 (from toluene), "max 
1750 (CO) 	6H (C1 3 ) 6.76 (lH, d, imeta 2Hz, H-5), 
6.68 (1H, d, imeta 2Hz, H-7), 5.63 (211, S, CH 2 ), 4.22 (2H, 
q, J7Hz, CH 2 ), 4.09 (3H, s, Cl! 3 ), 2.22 (311, 5, CH) and 
1.50 (3H, t, J7Hz, CH 3 ). 
Found: 	C, 56.4; H, 5.5; N, 15.3%; m/z (Elms), 277 (N+). 
C 13 H 15 N 3 0 4 requires: 	C, 56.3; H, 5.4; N, 15.2%; N, 277. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums (total 0.26 g) 
whose t.1.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
6-Ethoxy-3-methylbenzo-1, 2 4-triazine (292) 
A stirred solution of the 6-methoxybenzotriazine 
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(211e) (0.18 g; 0.001 mol) in ethanol (10.0 cm) was 
heated to reflux then treated with 2M aqueous sodium 
hydroxide (1.3 cm 3 ) and the mixture was heated under 
reflux for lh. 
The resulting solution was evaporated and the residue 
was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to give 6-ethoxy-3-methylbenzo-1, 2,4-
triazine (292) (0.17 g; 90%) which formed yellow needles 
m.p. 182-184 0 (from toluene), oH (CDC1 3 ) 8.26 (1H, d, 
ortho 9Hz, H-8), 7.39 (1H, dd, Jmeta  2Hz,  Jortho  9Hz, 
H-7), 7.08 (1H, d, Jmeta 2Hz, H-5), 4.22 (2H, q, J7Hz, 
CH 2 ), 3.03 (3H, s, C}1 3 ) and 1.50 (3H, t, J7Hz, CH 0- 
Found: 	C, 63.2; H, 5.8; N, 22.2%; m/z (Elms), 189(M+). 
C0H.,N80 requires: 	C. 63.5; H, 5.8; N. 22.2%; N, 189. 
8-Nethoxy-1,2 .3-triazolol5. 1-cjbenzo-1,2 .4-triazine-3-. 
carboxvlic Acid (209b)/8-Nethoxy-1,2,3-triazolorl,5-bl-
benzo-1, 2, 4-triazine-1-carboxylic Acid (210b) Isomer 
Mixture 
A stirred solution of the isomer mixture (204)/(208) 
(0.5 g; 0.002 mol) in ethyleneglycol dimethyl ether 
(20.0 cm 3 ) was heated to reflux then treated with 2N 
aqueous sodium hydroxide (2.5 cm 3 ) and the mixture was 
heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was treated with water (5.0 cm 3 ) then acidified to 
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litmus using 2M aqueous sulphuric acid (7.5 cm 3 ). 	The 
mixture was filtered and the insoluble solid collected to 
afford a 2:1 inseparable mixture of 8-methoxy-
1,2, 3-triazolo[5, l-c]benzo-1,2,4-triazine-3-carboxylic 
acid (209a) 	[isomer A] and 8-methoxy-1,2,3-trjazolo 
[1,5-b] -benzo-1,2,4-triazine-].-carboxylate (210a) [isomer 
B] (0.45 g; 92%) m.p. 142-144 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared before. 
The Attempted Reaction of Ethyl 8-Hydroxy-1.2,3-trjazolo 
f 5 .l-c1benzo-12.4-triazjne-3-carboxya 	(248)/Ethyl 8- 
Hvdroxv-1 . 23-triazolo[15-blbenzo_1,2,4_trjazjne_1_ 
carboxylate (249) Isomer Mixture with 2M Aqueous Sodium 
Hydroxide in the Presence of Ethanol 
A stirred solution of the isomer mixture (248)/(249) 
(0.52 g; 0.002 mol) in ethanol (20.0 cm 3 ) was heated to 
ref lux then treated with 2M aqueous sodium hydroxide 
(2.5 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was treated with water (5.0 cm 3 ) then acidified to 
litmus using 2M aqueous sulphuric acid. The mixture was 
filtered and the insoluble intractable solid (0.35 g) was 
collected however no identifiable material could be 
obtained from this material and it was not further 
investigated. 
Further work up of the aqueous acidic mother-liquor 




A stirred solution of the triazolobenzotriazjne (236) 
(0.55 g; 0.002 mol) in ethanol was heated to ref lux then 
treated with 2M aqueous sodium hydroxide and the mixture 
was heated under ref lux for lh. 
The resulting solution was evaporated and the residue 
was treated with water (5.0 cm 3 ) then extracted with 
methylene chloride to give 8-ethoxy-3-phenyl-1,2,3-
triazolo[5,1-c]benzo-1,2,4-trjazjne (295) (0.46 g; 79%) 
m.p. 210-211 0 (from toluene), oH (CDC1 3 ) 8.72-8.61 (3H, m, 
ArH), 7.86 (111, d, 3meta 2Hz, H9), 7.63-7.17 (4H, lU, 
ArH), 4.32 (2H, q, 37Hz, CH 2 ) and 1.55 (3H, t, 37Hz, CH 3 .). 
Found: 	C, 65.9; H, 4.2; N, 24.0%; m/z (Elms), 291 (M). 
C 16H 13N 50 requires: 	C, 66.0; H, 4.5; N, 24.1%; N, 291. 
The Attempted Reaction of 8-Ethoxy-3-phenyl-123-
triazolol5,1-clbenzo-1,2 .4-triazine (295) with 2M Aqueous 
Sodium Hydroxide in the Presence of Methanol 
A stirred solution of the triazolobenzotrjazjne (295) 
(0.15 g; 0.005 mol) in methanol (5.0 cm 3 ) was heated to 
reflux then treated with 2N aqueous sodium hydroxide 
(0.63 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting mixture was evaporated and the residue 
was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to give unreacted starting material 
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(295) (0.15 g; 100%) m.p. 194-197°C, identical (nip. and 
i.r. spectrum) to an authentic sample. 
8-I4ethoxy-3-phenyl-1. 2. 3-triazoloF5. 1-cl benzo-1,2 .4-
triazine (236) 
A stirred solution of the triazolobenzotrjazjne (295) 
(0.15 g; 0.005 mol) in methanol (5.0 cm 3 ) was heated to 
reflux then treated with a solution of sodium (0.05 g; 
0.002 g.atom) in methanol (1.5 cm 3 ) and the mixture was 
heated under reflux for 4h. 
The resulting solution was evaporated and the residue 
was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to afford 8-methoxy-3-phenyl-1, 2,3-
triazolo[5,1-c]benzo-1,2,4-triazine (236) (0.159; 99%) 
m.p 203-205°, identical (m.p and i.r. spectrum) to an 
authentic sample prepared before. 
The Attempted Reaction of 8-Methoxv-3-phenyl-1, 2 • 3-
triazoloF5,1-clbenzo-1,2 .4-triazine (236) with 2M 
Aqueous Sodium Hydroxide in the Presence of Ethylene 
glycol diinethylether 
A stirred solution of the triazolobenzotriazjne (236) 
(0.55 g; 0.002 inol) in ethyleneglycol dimethylether 
(20.0 cm 3 ) was heated to reflux then treated with 214 
aqueous sodium hydroxide (2.5 cm 3 ) and the mixture was 
heated under reflux for lh. 
The resulting solution was evaporated and the residue 
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was treated with water (5.0 cm 3 ) then extracted with 
methylene chloride to give unreaáted starting material 
(236) (0.50 g; 91%) m.p. 208_2100, identical (m.p. and 
i.r. spectrum) to an authentic sample. 
The Attempted Reaction of 8-Hydroxy-3-phenyl-1,2,3-
triazolol5.l-cjbenzo-1.24-triazine (254) with 2N 
Aaueous Sodium Hydroxide in the Presence of Ethanol 
A stirred suspension of the triazolobenzotriazine 
(254) (0.52 g; 0.002 niol) in ethanol (20.0 cm 3 ) was heated 
to reflux then treated with 2M aqueous sodium hydroxide 
(2.5 cm 3 ) and the mixture was heated under reflux for 3h. 
The resulting solution was evaporated and the residue 
was treated with water (2.5 cm 3 ) then acidified to -- litmus 
using 2M aqueous sulphuric acid The suspension was 
filtered and the insoluble solid collected to afford 
unreacted starting material (254) (0.50 g; 96%) m.p. 
241-243°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Attempted Reaction of 8-Methoxy-3-phenyl-1,2,3-
triazolol5. 1-clbenzo-12.4-triazine (236) with 25/30% w/v 
Aqueous Methylamine 
A stirred solution of the triazolobenzotriazine (236) 
(0.55 g; 0.002 mol) and 25/30% w/v aqueous methylamine 
(0.60 cm 3 ; 0.005 mol) in ethyleneglycol dimethylether 
(20.0 cm 3 ) was heated under reflux for lh. 
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The resulting solution was evaporated and the residue 
was treated with water (5.0 cm 3 ) then extracted with 
methylene chloride to give unreacted starting material 
(236) (0.54 g; 98%) m.p. 208_2100, identical (mp. and 
i.r. spectrum) to an authentic sample. 
The Attempted Reaction of 8-Methoxy-3-phenyl-1. 2,3-
triazolo[5. 1-clbenzo-1,2 .4-triazine (236) with Piperidine 
A stirred solution of the triazolobenzotriazine (236) 
(0.55 g; 0.002 mol) and piperidine (0.17 g; 0.002 mol) in 
anhydrous 1,4-dioxane (0.17 g; 0.002 mol) was heated under 
ref lux for 3h. 
The resulting solution was evaporated and the residue 
was washed with ether to afford unreacted starting 
material (236) (0.50 g; 91%) m.p. 208_2100, identical 
(ni.p. and i.r. spectrum) to an authentic sample. 
The ethereal mother-liquor was evaporated to give a 
gum (0.10 g) whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multi-component mixture 
which therefore was not further investigated. 
The Attempted Reaction of 8-Methoxy-3-phenyl-12,3-
triazolol5,1-clbenzo-1,2 .4-triazine (236) with 
Benzylamine 
A stirred solution of the triazolobenzotriazine (236) 
(0.55 g; 0.002 mol) and benzylamine (0.21 g; 0.002 mol) in 
ethyleneglycol dimethylether (20.0 cm 3 ) was heated under 
reflux for lh. 
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The resulting solution was evaporated to give a semi-
solid. This was washed with ether to afford unreacted 
starting material (236) (0.51 g; 93%) m.p. 208-210 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
Evaporation of the ethereal mother-liquor gave a gum 
(0.04 g) whose t.l.c. in ethyl acetate over silica showed 
it contained crude benzotriazine starting material (236) 
and therefore was not further investigated. 
The Attempted Reaction of 8-Methoxy-3-phenyl-1.2.3-
triazolol5 1-clbenzo-12 .4-triazine (236) with Benzylamine 
in the Presence of Sodium Hydride 
A stirred suspension of sodium hydride (0.05 g; 0.0022 
mol) in anhydrous ethyleneglycol dimethylether (2.5 cm 3 ) 
was cooled to 100 (ice bath) then treated dropwise with a 
solution of benzylamine (0.21 g; 0.002 mol) in 
ethyleneglycol dimethylether (2.5 cm 3 ). The mixture was 
stirred at 10 0 for 10 min then treated dropwise at room 
temperature with a solution of the triazolobenzotriazine 
(236) (0.55 g; 0.002 mol) in anhydrous ethyleneglycol 
dimethylether (20.0 cm 3 ) and the mixture was heated under 
ref lux for 3h. 
The resulting mixture was treated with water (2.5 cm 3 ) 
then evaporated to give a solid residue. This was treated 
with water (2.5 cm 3 ) then extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford unreacted starting material (236) (0.39 g; 71%) 
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m.p. 202-204 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The ethereal mother-liquor was evaporated to give a 
gum (0.15 g) whose t.l.c. in ethyl acetate over silica 
showed it contained crude starting material (236) and 
therefore was not further investigated. 
The Attempted Reaction of 8-Methoxy-3-phenyl-1. 2 • 3-
triazolól51 1-clbenzo-1,2 .4-triazine (236) with Benzvl 
triethylammonium Cyanide 
A stirred solution of benzyltriethyl ammonium chloride 
(2.3 g; 0.01 mol) in water (5.0 cm 3 ) was treated with a 
solution of sodium cyanide (0.98 g; 0.02 mol) in water 
(5.0 cm 3 ) and the mixture was stirred at room temperature 
for 10 min then extracted with methylene chloride (3 x 
10.0 cm 3 ). The extract was concentrated to approximately 
one third of its original volume then added to a stirred 
solution of the triazolobenzotriazine (236) (0.55 g; 
0.002 mol) in methylene chloride (10.0 cm 3 ) and the 
mixture was heated under reflux for 3h. 
The resulting solution was evaporated and the residue 
was treated with water (5.0 cm 3 ). The suspension was 
filtered and the insoluble solid collected to afford 
unreacted starting material (236) (0.48 g; 87%) m.p. 
208-210°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
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The Attempted Reaction of 8-Methoxy-3-phenvl-12.3-
triazolor5, 1-clbenzo-1. 2 .4-triazine (236) with Sodium 
Borohydride 
A stirred solution of the triazolobenzotriazine (236) 
(0.55 g; 0.002 mol) and sodium borohydride (0.30 g; 
0.008 mol) in 90% v/v aqueous ethyleneglycol dimethyl 
ether (20.0 cm 3 ) was heated under ref lux for lh. 
The resulting solution was evaporated and the residue 
was treated with water then extracted with methylene 
chloride to give unreacted starting material (236) 
(0.50 g; 91%) m.p. 185-189 0 , identified by comparison 
(m.p. and i.r. spectrum) with an authentic sample. 
The Attempted Reaction of 8-Hvdroxy-3-phenvl-1.2.3-
triazolor5. 1-cl ben7.o-1 2 .4-triazine (254) with Phoshorvl 
Chloride in the Presence of NN-Dimethylaniline 
A stirred solution of phosphoryl chloride (5.0 cm 3 ; 
0.05 mol) and N,N-dimethylaniline (1.0 cm 3 ; 0.008 mol) was 
treated, in a single portion, with the triazolobenzo-
triazine (236) (1.3 g; 0.005 mol) at room temperature. 
The mixture was stirred at room temperature for 20 mm 
then heated under reflux for 2h. 
The resulting mixture was evaporated and the residue 
was treated with ice (10 g) and methylene chloride 
(20.0 cm 3 ). The two phase solution was decanted from the 
insoluble intractable tar (0.5 g) then separated. The 
aqueous phase was further extracted with methylene 
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chloride (3 x 10.0 cm 3 ) and the combined extracts were 
washed twice with water (2 x 5.0 cm 3 ), 2M aqueous 
sulphuric acid (2 x 5.0 cm 3 ) and 10% w/v aqueous sodium 
hydrogen carbonate (2 x 5.0 cm 3 ) then evaporated to give a 
tar (1.0 g) from which no identifiable material could be 
obtained and was not further investigated. 
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Chapter 3 
Studies of New Heterocyclisatjon Reactions of 
5 -Amino-1-ary1methy1_H_,, 3-triazole Derivatives 




















STUDIES OF NEW HETEROCYCLISATION REACTIONS OF 
5-AMINO-1-ARYLNETHYL-1H-1, 2 3-TRIAZOLE DERIVATIVES 
3.1 INTRODUCTION 
The diazotative cyclisation of 5-amino-1-phenyl-lH-
1,2,3-triazole derivatives to afford 1,2,3-triazolobenzo-
1,2,4-triazines and the existence of a thermodynamic 
equilibrium between the angular and linear forms of such 
heterocycles has been previously discussed in Chapter 2. 
In an extension of these studies, it was decided to 
examine (Scheme 65) the diazotative cyclisation of 
5-ainino-l-arylmethyl-1H-1,2,3-triazole derivatives (301). 
It was anticipated that the diazotisation of such 
heterocycles would afford 1,2,3-triazolo[5,1-c]benzo-
1,2,4-triazepines (302) which might undergo Dimroth 
rearrangement 38 and subsequent tautomerism to yield the 
corresponding 1,2,3-triazolo[1,5-b]benzo-1,2,4-triazepine 
derivatives (305). The first preparation of a 
benzo-1,2,4-triazepine derivative was reported by Corral 
and his coworkers 83 as recently as 1974. Preliminary 
investigations of the pharmacological properties of 
benzo-1,2,4-triazepine derivatives showed 84 low toxicity, 
muscle relaxant effects and the ability to inhibit gastric 
secretion. However due to the lack of a flexible synthetic 
strategy for the preparation of such heterocycles, no 
thorough examination of the biological attributes of the 
,—(D[ 	R 'Y~7 
(302) 	 (308) 
R c>4Z 
I 	 I 
H H 
(305) (309) 
(i) HX. 	 (X = Br,CI,OAc,OH,OR,H) 
Scheme 66 
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benzo-1,2,4-triazepine ring system has been carried out. 
Therefore, not only could triazolobenzotriazepines [e.g. 
(302) and (305)) be of pharmacological importance 
themselves, due to structural similarities to molecules 
such as estrazolam (306)85 and triazolam (307),86 but 
cleavage (Scheme 66) of the triazole ring of such 
heterocycles could provide a novel general route to 
usefully functionalised benzo-1, 2, 4-triazepine products 
[e.g. (308) and (309)] which are not readily accessible by 
more orthodox synthetic strategies. 
C 
(306) 	 (307) 
3.2 SYNTHESIS OF 1,2,3-TRIAZOLOISOINDOLENINE AND 1,2,3-
TRIAZOLOBENZO I fi -12, 4-TRIAZEPINE DERIVATIVES BASED 
ON DIAZOTATIVE CYCLISATION REACTIONS OF 5-AMINO-1-
ARYLMETHYL-1H-1, 2 • 3-TRIAZOLES 
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documented 50 ' 5 ' 	that an electron-withdrawing group 
attached to the triazole ring of a bridgehead-fused 
1,2,3-triazole derivative promotes triazole ring opening. 
It was therefore decided to attempt the diazotative 
cyclisation of a 5-amino-l-arylmethyl-1H-1,2 , 3-triazole 
derivative with an electron withdrawing group attached to 
position 4. consequently (Scheme 67), benzyl azide (310) 
was condensed with ethyl cyanoacetate (202) in the 
presence of sodium ethoxide to give a reasonable yield of 
the known 78 aminotriazole (311). This condensation 
reaction gave almost a 50% increase in the yield of the 
aminotriazole (311) when two equivalents of ethyl 
cyanoacetate and base were used. This increase in the 
efficiency of this condensation is consistent with the 
frequently observed 78 recovery of unreacted azide starting 
material (310) when attempts are made to condense the 
latter with one equivalent of activated acetonitrile 
derivatives and one equivalent of base. The aininotriazole 
(311) was then diazotised using sodium nitrite in glacial 
acetic acid in the presence of 2M aqueous sulphuric acid 
and the reaction mixture was worked up to give two solids 
in low yield. Elemental analysis of the minor product 
showed it to have the molecular formula c, 2H 13N 30 2 and 
this was confirmed by the mass spectrum which showed a 
parent ion at m/z (Elms), 231 (Mt). This material was 
therefore assigned the deaminated triazole structure (313) 
and this structural assignment was confirmed by its 'H 
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n.m.r. spectrum. The major product from the diazotisation 
of the aminotriazole (311) had an elemental analysis and 
mass spectrum which showed it to have the molecular 
formula C 12H,,N 3 0 2 . An examination of the 'H n.m.r. 
spectrum of this product showed the triplet-quartet 
signals characteristic of an ethoxy group, two benzylic 
protons, a three proton multiplet at 67.52-7.58 and a 
single proton multiplet at 68.27-8.32. On the basis of 
this analytical and spectroscopic evidence, it was 
tentatively proposed that diazotisation of the 
aminotriazole (311) had afforded the novel 
1,2,3-triazolo[5,1-a]isoindolenine derivative (312). 
As diazotisation of the aminotriazole (311) using 
sodium nitrite and 2M aqueous sulphuric acid in glacial 
acetic acid had only given a low (33%) yield of the 
triazoloisoindolenine derivative (312), it was decided to 
examine other diazotisation conditions. However, when an 
attempt was made to diazotise a suspension of the 
aminotriazole (311) in 2M aqueous nitric acid, only a high 
recovery of the unreacted starting material (311) was 
obtained. The failure of the aminotriazole (311) to 
undergo diazotative cyclisation under these conditions is 
undoubtedly due to the insolubility of the aminotriazole 
(311) in the reaction mixture and hence its inability to 
react with the nitrous acid generated in situ from the 
reaction of sodium nitrite with aqueous nitric acid. It 
has been previously shown in Chapter 2, pg. 38, that 
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intramolecular cyclisation of the diazonium cation 
generated from a 5-amino-1-phenyl-1H-1, 2, 3-triazole 
derivative is much more efficient in glacial acetic acid 
in the presence of concentrated sulphuric acid than in the 
presence of 2M aqueous sulphuric acid. Therefore, the 
aminotriazole (311) was diazotised in glacial acetic acid 
containing concentrated sulphuric acid and the reaction 
mixture was worked up to give a low yield of the 
deaminated triazole (313) together with an increased yield 
(58%) of the triazoloisoindolenine (312). 
By way of further verifying the structure of the 
triazoloisoindolenifle product (312) it was decided to 
attempt its hydrolysis to the triazoloisoindolenine 
carboxylic acid (314b). Therefore, a solution of the 
ester (312) in ethanol was heated with 2N aqueous 
hydrochloric acid. However work up of this reaction 
mixture gave only a quantitative recovery of the unreacted 
ester starting material (312). A solution of the ester 
(312) in ethanol was then heated with 2M aqueous sodium 
hydroxide and the reaction mixture was worked up to give a 
high yield of an acidic solid whose elemental analysis and 
mass spectrum showed it to have the molecular formula 
C1OH7N302. An examination of the i.r. spectrum of this 
product showed hydroxyl and carbonyl absorption, 
consistent with the presence of a carboxyl group and hence 
indicative of the carboxylic acid structure (314b). This 
structural assignment was further supported by the 
FIGURE  
Table 11. 	Bond Lengths (A) with Standard Deviations 
C(1) - N(2) 1.3578(25) C(4') -C(8') 1.3963(22) 
C(1) -C(1') 1.3582 (25) C(5) - C(6) 1.380( 	3) 
C(1) - H(1) 0.948(18) C(S) - H(S) 0.988(17) 
N(2) - N(3) 1.3211 (23) C(6) - C(7) 1.378( 	3) 
N(3) -N(3') 1.3441(21) C(6) - H(6) 0.931(19) 
N(3') - C(4) 1.4582(23) C(7) - C(8) 1.385( 	3) 
N(3') -C(1') 1.3425(21)  - H(7) 0.929(17) 
C(4) -C(4') 1.51217(24)  -C(8') 1.3867(24) 
C(4) -H(41) 1.009(17) C(8) - H(8) 0.983(19) 
C(4) -H(42) 1.014(17) C(8') -C(1') 1.4625(22) 
C(4') - C(5) 1.3794 (25) 
	
Table 12. 	Angles (degrees) and Torsion Angles (degrees) 
with Standard Deviations 
N(2) - C(1) -C(1 1 ) 	108.60(16) 	C(4 1 ) - C(S) - H(S) 	117.8(10) 
N(2) - C(1) - H(1) 121.3(11) C(6) - C(5) - H(5) 124.0(10) 
- C(1) - H(1) 	130.1(11) 	C(5) - C(6) - C(7) 	121.48(19) 
C(1) - .N(2) - N(3) 109.54(16) C(S) - C(6) - H(6) 118.5(12) 
- N(3) -N(3 1 ) 	105.29(14) 	C(7) - C(6) - H(6) 	120.0(12) 
-N(3') - C(4) 132.32(14) C(6) - C(7) - C(8) 120.98(19) 
N(3) -N(3 1 ) -C(1 1 ) 	 112.45(13) 	C(6) - C(7) - H(7) 	120.6(11) 
C(4) -N(3 1 ) -C(1 1 ) 	 115.22(14) C(8) - C(7) - H(7) 118.5(11) 
N(3 1 ) -. C(4) -C(4 1 ) 	 99.62(13) 	C(7) - C(8) -C(8 1 ) 	 117.74(17) 
N(3 1 ) - C(4) -H(41) 110.2(10) C(7) - C(8) - H(8) 121.6(11) 
N(3 1 ) - C(4) -H(42) 	109.3(10) 	C(8') - C(8) - H(8) 	120.6(11) 
C(4 1 ) - C(4) -H(41) 115.2(10) C(4 1 ) -C(8 1 ) - C(8) 121.10(15) 
C(4') -C(4) -H(42) 	111.7(10) 	C(4') -C(8') -C(1 1 ) 	107.11(13) 
H(41) - C(4) -H(42) 110.3(14) C(8) -C(8') -C(1') 131.74(15) 
C(4) 	C(5) 	128.69(16) 	C(1) -C(1 1 ) -N(3 1 ) 	 104.12(15) 
C(4) -C(4 1 ) -C(8 1 ) 	 110.88(14) C(l) -C(l') -C(8 1 ) 	 148.73(16) 
C(S) -C(4 1 ) -C(8 1 ) 	 120.41(15) 	N(3 1 ) -C(1 1 ) -C(8 1 ) 	 107.15(13) 
C(4 1 ) - C(S) - C(6) 118.26(18) 
C(1 1 ) - C(1) - N(2) - N(3) 	0.12(21) C(8 1 ) -C(4 1 ) - C(S) - C(6) 	1.4( 3) 
H(i) - C(1) - N(2) - N(3) -179.6(13) 	C(8 1 ) -C(4 1 ) - C(S) - H(5) -179.6(11) 
N(2) - -C(1) -C(1 1 ) -N(3 1 ) 	 0.07(20) C(4) -C(4 1 ) -C(8 1 ) - C(8) 	176.66(15 
N(2) 	C(1) -C(1 1 ) -C(8 1 ) - 178.5( 3) 	C(4) -C(4 1 ) -C(8 1 ) -C(1 1 ) 	 -1.01(18 
H(1) - C(1) -C(1 1 ) -N(3 1 ) 	 179.6(15) C(S) -C(4 1 ) -C(8 1 ) - C(8) -1.6( 3) 
H(1) - C(],) -C(1 1 ) -C(8 1 ) 	 1.0(15) 	C(5) -C(4 1 ) -C(8 1 ) -C(l') -179.29(16 
C(1) - N(2) - N(3) -N(3 1 ) 	 -0.15(19) C(4 1 ) - C(S) - C(6) - C(7) 	0.3( 3) 
N(2) - N(3) -N(3 1 ) - C(4) -179.43(16) C(4 1 ) - C(S) - C(6) - H(6) 178.8(13) 
- N(3) -N(3 1 ) -C(1 1 ) 	 0.16(19) 	H(5) - C(S) - C(6) - C(7) -178.7(12) 
-14(3 1 ) - C(4) -C(4 1 ) - 179.83(16) H(S) - C(S) - C(6) - H(6) 	-0.2(18) 
N(3) -N(3 1 ) - C(4) -H(41) 	-58.4(11) 	C(5) - C(6) - C(7) - C(8) -1.8( 3) 
N(3) -N93 1 ) - C(4) -H(42) 63.0(11) C(S) - C(6) - C(7) - H(7) 	176.9(13) 
C(1 1 ) -N(3') - C(4) -C(4 1 ) 	 0.58(18) 	H(6) - C(6) - C(7) - C(8) 179.7(14) 
C(l') -N(3') - C(4) -H(41) 122.1(11) H(6) - C(6) - C(7) - H(7) 	-1.5(19) 
C(1 1 ) -N(3 1 ) - C(4) -H(42) -116.6(10) 	C(6) - C(7) - C(8) -C(8 1 ) 	 1.6( 3) 
N(3) -N(3 1 ) -C(1 1 ) - C(1) 	-0.11(19) C(6) - C(7) - C(8) - H(8) -178.7(13) 
N(3) -N(3 1 ) -C(1 1 ) -C(8 1 ) 	 179.12(13) 	H(7) - C(7) - C(8) -C(8 1 ) - 177.2(12) 
C(4) -N(3 1 ) -C(1 1 ) - C(1) 179.54(15) H(7) - C(7) - C(b) - H(8) 	2.5(18) 
C(4) -N(3 1 ) -C(1 1 ) -C(8 1 ) 	 -1.22(19) 	C(7) - C(8) -C(8 1 ) -C(4 1 ) 	 0.2(3) 
N(3 1 ) - C(4) -C(4 1 ) - C(S) 178.42(17) C(7) - C(8) -C(8 1 ) -C(1 1 ) 	 177.15(18 
N(3 1 ) - C(4) -C(4 1 ) -C(8 1 ) 	 0.33(17) 	H(8) - C(8) -C(8 1 ) -C(4 1 ) - 179.6(13) 
H(41) - C(4) -C(4 1 ) - C(5) 60.6(11) H(8) - C(8) -C(8 1 ) -C(1 1 ) 	 -2.6(13) 
- C(4) -C(4 1 ) -C(8 1 ) - 117.5(11) 	C(4 1 ) -C(8 1 ) -C(1 1 ) - C(l) 179.8( 3) 
- C(4) -C(4 1 ) - C(5) 	-66.3(11) C(4 1 ) -C(8 1 ) -C(1 1 ) -N(3 1 ) 	 1.34(18 
H(42) - C(4) -C(4 1 ) -C(8 1 ) 	 115.6(11) 	C(8) -C(8 1 ) -C(1 1 ) - C(1) 2.6( 4) 
C(4) -C(4 1 ) - C(S) - C(6) -176.55(18) C(8) -C(8 1 ) -C(1 1 ) -N(3 1 ) - 175.99(17 
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product's 1 H n.m.r. spectrum which showed signals due to 
four aromatic protons and two benzylic-type protons. As 
the thermal decarboxylation of bridgehead-fused 
1,2,3-triazole derivatives, with a carboxylic acid group 
attached to the triazole ring, is well known, 43 the 
decarboxylation of the triazoloisoindolenine carboxylic 
acid (314b) was attempted by heating under reflux in 
diglyme. Work up of the resulting reaction mixture gave a 
low yield of a solid whose elemental analysis and 
spectroscopic properties were in full accord with the 
1,2,3-triazolo[5,1-a]isoindolenine structure (315). This 
structural assignment was fully confirmed by an X-ray 
analysis (see Figure 8 and Tables 11 and 12) of the 
decarboxylation product (315). 
It is well documented 58 that ultraviolet irradiation 
of bridgehead-fused 1,2,3-triazole derivatives can result 
in the extrusion of molecular nitrogen. It was of 
interest therefore to investigate the photochemical 
behaviour of the novel, highly strained, 
triazoloisoindolenine ring system present in (312). 
Consequently, a solution of the ester (312) in ethanol was 
irradiated in a quartz cell with a mercury lamp. However, 
work up of the resulting reaction mixture gave only the 
unreacted starting material (312). It was then decided to 
attempt the photolysis of the triazoloisoindolenine 
derivative (312) in acetone rather than ethanol. It was 
anticipated that acetone might act as a sensitizer and 
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promote triazole cleavage via the triplet excited state of 
the triazoloisoindolenine (312). However, irradiation of 
a solution of the triazoloisoindoleneine ester (312) in 
acetone showed no tendency to induce the triazole cleavage 
of the latter and only a high recovery of the unreacted 
triazole (312) was obtained. It was then decided to 
examine 	the 	photolytic 	behaviour 	of 	the 
triazoloisoindolenine 	carboxylic 	acid 	(314b). 
Consequently, a solution of the acid 	(314b) 	in 
ethyleneglycol dimethylether was irradiated with 
ultraviolet light. Subsequent work up of this reaction 
mixture unexpectedly gave a good yield of the previously 
obtained decarboxylation product 1,2, 3-triazolo[5, 1-a] 
isoindolenine (315). The photolytic decarboxylation of 
the carboxylic acid (314b) to the triazoloisoindolenine 
(315) appears to be the first example of this type of 
photolytic process in a bridgehead-fused 1,2,3-triazole 
derivative. However the photodecarboxylation of aromatic 
carboxylic acids is a well established process. 87 
Photolytic processes of this type are believed 82 to 
involve a radical mechanism and a similar mechanism is 
presumably involved in the photodecarboxylation of the 
triazoloisoindolenine (315b), though the mechanism of this 
particular reaction was not further investigated. An 
attempt to effect the photodecarboxylation of the sodium 
carboxylate (314a) proved unsuccessful with the unreacted 
starting material (314a) being recovered in high yield. 
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The first preparation of an isoindole derivative was 
described by Wittig and his coworkers 88 in 1951 and the 
parent compound (316a) and its isoindolenine tautomer 
(316b) were not isolated and characterised until 1972. 1 38 
Since then a broad range of strategies have been used 90 to 
C):: N H 	 O 
(316a) 	 (316b) 
prepare individual isoindole derivatives. 	However, 
despite the isoindole ring system showing a number of 
interesting pharmacological properties such as 
anti-serotonin activity 9 ' and anaesthetic effects, 92 no 
thorough examination of the biological activity of 
isoindole derivatives has been reported. This lack of 
knowledge about the pharmacological properties of 
isoindole derivatives is largely due to the absence of a 
general, flexible, synthetic strategy for their 
preparation. It was of interest therefore (Scheme 68) to 
attempt the acid-catalysed triazole ring cleavage of the 
1,2,3-triazolo[5,1-a]isoindolenine derivatives made 
available by the present studies as such cleavage could 
provide a route to usefully functionalised isoindolenines 
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isoindolenine derivatives over strategies for such 
heterocycles described in the literature 9 ° is that 
variously 	functionalised 	5-amino-l-arylamino-1, 2,3- 
triazoles are readily accessible. 32 Consequently if 
diazotative cyclisation and subsequent triazole cleavage 
of such heterocycles could be induced in synthetically 
useful yields, acid-catalysed triazole cleavage of 
triazoloisoindolenine derivatives would provide an 
economical, flexible method for the preparation of 
isoindolenines. Therefore (Scheme 68), an attempt was 
made to prepare the 1-acetoxymethylisoindolenine (319a) by 
the cleavage of the triazoloisoindolenine (314b) in 
glacial acetic acid. However, heating the carboxylic acid 
(314b) in glacial acetic acid gave, only an intractable 
purple solid after work up of the reaction mixture. In 
addition, when an attempt was made to prepare the 
chloromethylisoindolenine (319b) by heating the 
triazoloisoindolenine (314b) with acetyl chloride in 
acetic acid, only an intractable gum was obtained. Due to 
the well documented 9 ° tendency of isoindole and/or 
isoindolenine derivatives to oligomerise and polymerise at 
relatively low temperatures, it is unsurprising, given the 
conditions of their attempted formation, that the 
isoindolenines (319 a and b) were not isolated from the 
acid-catalysed cleavage of the triazoloisoindolenine 
(314b). In an attempt to circumvent the potential problem 
of the polymerisation of the possible isoindolenine 
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derivatives (319 a and b) under the conditions of their 
formation, the triazoloisoindolenine (314b) was heated 
with sodium dithionite in acetic acid. It was hoped that 
under these conditions, the initial cleavage product 
(319a) would be reduced to the more stable isoindoline 
(318). However, the reaction of the triazoloisoindolenine 
(314b) with sodium dithionite in glacial acetic acid gave 
no characterisable material either. It was then decided 
to attempt to prepare the chloromethylisoindolenine (319b) 
by cleavage of the triazoloisoindolenine (315) using 
concentrated hydrochloric acid at room temperature. It 
was hoped that the apparent polymerisation of the 
isoindolenine products, when the attempted cleavage of the 
triazoloisoindolenine derivative (314b) was carried out in 
ref luxing acetic acid, would not take place 
at room temperature. Unfortunately, when the 
triazoloisoindolenine (315) was stirred with concentrated 
hydrochloric acid at room temperature, no cleavage of the 
triazole ring was observed. However a solid was obtained, 
in high yield, whose i.r. spectrum showed bands consistent 
with a hydrochloride salt. In accord with this 
conclusion, the product liberated carbon dioxide on 
treatment with sodium hydrogen carbonate, regenerating the 
triazoloisoindolenine (315). An attempt to confirm the 
formation of the protonated triazoloisoindolenine (320a) 
by elemental analysis and by mass spectroscopy was 
unsuccessful due to its instability to attempted 
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purification. An examination of the 'H n.m.r. spectrum of 
the salt-like material showed a vinylic CH signal at 
67.98, and signals due to four aromatic protons and a 
benzylic CH  group. Shaking with deuterium oxide resulted 
in a spectrum containing signals due to two vinylic CH 
groups and two benzylic CH  groups. This result can 
possibly be attributed to the partial conversion of the 
protonated triazoloisoindolenine (320a) back to the parent 
isoindolenine (315). However this could not be verified 
unequivocally due to the close similarity in chemical 
shifts of the CH and CH  signals of the protonated and 
unprotonated forms of the isoindolenine (315). If, as 
seems likely from its i.r. and 'H n.m.r. absorption, the 
product of the reaction of the isoindolenine (315) with 
hydrochloric acid is a hydrochloride salt, the structure 
of the latter in terms of the position of protonation has 
an important bearing on the mechanism of acid catalysed 
cleavage of bridgehead-fused 1,2,3-triazole derivatives. 
It has been discussed in Chapter 1, Section 1.3, page 
25, that it is believed 68 that acid-catalysed cleavage of 
such heterocycles occurs by protonation of the nitrogen 
atom next to the bridgehead nitrogen atom and subsequent 
nucleophilic cleavage of the resulting protonated triazole 
derivative. However, it has been suggested 4159 by 
several authors that cleavage occurs by alternative 
protonation at the carbon atom of the triazole ring of 
bridgehead-fused 1,2,3-triazoles followed by nucleophilic 
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cleavage of the resulting protonated species. 	If this 
second proposal for the mode of acid-catalysed cleavage of 
bridgehead-fused 1,2,3-triazole derivatives is correct, it 
would 	be 	expected 	that 	protonation 	of 	the 
triazoloisoindolenine (315) would occur at C-3. 
Protonation at C-3 of the triazoloisoindolenine (315) 
however, can be ruled out by examination of the 'H n.m.r. 
spectrum of the hydrochloride salt of the latter. This 
contains a one proton vinylic signal at 67.98 rather than 
the two proton methylene-type absorption anticipated had 
protonation occurred at C-3. Protonation at N-9 can also 
be excluded as the protons of the benzylic group in the 
hydrochloride salt of the triazoloisoindolenine (315) 
resonate at a chemical shift almost indistinguishable from 
the free base. If protonation had occurred at N-9 one 
might have expected the proximity of the positively 
charged nitrogen atom to exert a deshielding effect on the 
benzyiic protons at C-8. These arguments suggest that 
protonation of the triazoloisoindolenine (315) occurs at 
either N-i or N-2. If protonation occurs at N-i, a 
mechanism (see Chapter 1, Scheme 29, page 23) for triazole 
cleavage can be readily proposed. However, if protonation 
occurs at N-2, a prototropic shift is necessary before 
triazole scission is possible. Consequently, it seems 
probable that the proposal 68 that acid-catalysed cleavage 
of bridgehead-fused 1,2,3-triazole derivatives occurs by 
protonation at N-i and subsequently nucleophilic attack, 
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is correct. 
As protic acid cleavage of the triazoloisoindolenine 
ring system had proved unsuccessful, it was decided to 
attempt scission of the triazole ring of the 
triazoloisoindolenine (315) promoted by the Lewis acid, 
boron trifluoride. The ability of boron trifluoride to 
induce cleavage of bridgehead-fused 1,2,3-triazole 
derivatives under mild conditions had been previously 
demonstrated 61 and it was of interest to examine the 
behaviour of the triazoloisoindolenine (315) towards this 
reagent. Therefore (Scheme 68), the triazoloisoindolenine 
(315) was treated with boron trifluoride-etherate in 
benzene at room temperature and the reaction mixture 
worked up to give an intractable solid. Attempts to 
obtain analytical or mass spectral data from this solid 
proved unsuccessful due to its instability. However its 
i.r. spectrum suggested the formation of a complex between 
the triazole derivative (315) and boron trifluoride. An 
examination of the 1 H n.m.r. spectrum of this complex 
showed a one proton singlet attributable to a vinyl CH 
group and no evidence for any coupling of this proton with 
boron suggesting that boron trifluoride had not 
coordinated at C-3. The 13C n.m.r. spectrum of the 
complex lacked any indication of carbon-boron coupling 
again demonstrating that boron trifluoride had not 
coordinated at C-3. However, a close inspection of the 
13C n.m.r. spectrum of the complex showed two signals 
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attributable to C-3. This suggested that two different 
triazoloisoindolenine species were present in the boron 
trifluoride-triazoloisoindolenine complex. Examination of 
the 11 B n.m.r. spectrum of the complex showed two 
different boron signals indicating that the reaction of 
the triazoloisoindolenine (315) with boron trifluoride had 
resulted in the formation of two species derived by 
coordination at two different sites in the 
triazoloisoindolenine derivative (315). Due to the 
aforementioned absence of any carbon-boron coupling at 
C-3, coordination presumably occurs at N-i and N-2. 
Unfortunately, due to lack of material, no cleavage 
studies could be carried out on the boron trifluoride-
triazoloisoindolenine complex. Instead, since the 
triazoloisoindolenine 	(315) 	was 	susceptible 	to 
electrophilic attack (i.e. by H and boron trifluoride) it 
was decided to attempt the 	coupling 	of 	the 
triazoloisoindolenine (315) with benzene diazonium 
chloride in the hope of obtaining one or both of the azo 
derivatives (321) or (322). There does not appear to be 
an unambiguous example of a bridgehead-fused 1,2,3-
triazole derivative undergoing electrophilic attack at C-3 
in the literature and due to the predicted inherent 
instability of the azo species (321) it was largely 
unsurprising that no reaction was observed between the 
triazoloisoindolenine (315) and benzenediazonium chloride. 
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the aminotriazole (311) gives the 1,2,3-triazolo[5,1-a] 
isoindolenine (312) and it was of interest therefore to 
examine the scope of this novel type of diazotative 
cyclisation. Consequently (Scheme 69), it was decided to 
investigate the effect of the substituent at position 4 of 
an aininotriazole derivative on the course of such 
diazotative cyclisation. 	Therefore, the azide (310) was 
condensed with N,N-dimethyl cyanoacetamide (229b) in the 
presence of sodium methoxide to give the known1 2 ? 
aminotriazole (323) in moderate yield. In addition, a low 
yield of a solid by-product was obtained whose elemental 
analysis and mass spectrum suggested it had the molecular 
formula C 22 H 23 N 9 0 2 . 	The 1 H n.m.r. spectrum of this 
by-product showed signals due to the protons of two methyl 
groups, four benzyl protons, ten aromatic hydrogens and 
three exchangeable protons leading to its structural 
assignment as the dimeric aminotriazole (324). 	The 
aminotriazole (323) was then diazotised in a solution of 
2M aqueous sulphuric acid in glacial acetic acid to give a 
low yield of a solid whose elemental analysis and mass 
spectrum showed it to have the molecular formula 
C 11 H 12N 4 0. 	The i.r. spectrum of this material showed 
absorption due to an amino group which, given the 
molecular formula C 1 1 H 1 2 N 40, suggested the formation of 
the demethylated and deaminated aminotriazole (325). This 
structural assignment was confirmed by the 1 H n.m.r. 
spectrum of the product which showed only signals due to 
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the protons of a single methyl group, a single benzyl 
group, four aromatic hydrogens and a vinylic proton. 
However, the major product (16% yield) of the 
diazotisation of the aminotriazole (323) was a solid whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 11 H 10 N 40, consistent with the 
triazoloisoindolenine structure (317). This structure was 
confirmed by the product's 1 H n.m.r. spectrum which showed 
signals due to the protons of two methyl groups a benzyl 
group and only four aromatic protons. As the efficiency 
of the diazotative cyclisation of the aminotriazole (323) 
under dilute acid conditions was low, and as diazotisation 
(Scheme 67) of the aminotriazole (311) in the presence of 
concentrated acid had increased the yield of the 
triazoloisoindolenine (312), compared to that obtained in 
dilute acid, it was decided to investigate the 
diazotisation of the aminotriazole (323) under 
concentrated acid conditions. Therefore, the 
aminotriazole (323) was diazotised in a solution of 
glacial acetic acid containing concentrated sulphuric 
acid. However, when the reaction mixture was worked up, a 
lower yield of the deaminated, demethylated triazole (325) 
was obtained compared to under dilute acid conditions. 
It has been shown in Chapter 2 (Scheme 44) that the 
presence of an electron withdrawing substituent attached 
to the triazole ring of a 1,2,3-triazolobenzo-1,2,4-
triazine derivative does not necessarily prevent triazole 
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scission. As the triazoloisoindolenine ring system would 
be expected to be highly strained, it would not be 
unreasonable to predict that acid-catalysed triazole 
scission of such a heterocycle would occur in order to 
relieve this strain, regardless of whether or not an 
electron-withdrawing group is attached to the triazole 
ring. Consequently (Scheme 68) , an attempt was made to 
induce the acid-catalysed triazole cleavage of the 
triazoloisoindolenine (317) by reaction of the latter with 
glacial acetic acid. However, in common with all known 
examples of bridgehead-fused 1,2, 3-triazole derivatives 
except the 1,2, 3-triazolobenzo-1, 2, 4-triazine ring system, 
the presence of the electron withdrawing amide function 
prevented triazole scission and none of the 
acetoxymethylisoindolenine (319c) was isolated. Instead 
only a high recovery of the unreacted starting material 
(317) was obtained. 
As the efficiency of the diazotative cyclisation of 
the ethyl 5-amino-1-benzyl-1, 2, 3-triazole-4-carboxylate 
(312) differed from that of the 5-aminb-l-benzyl-1,2,3-
triazole-4-(N,N-dimethylcarboxamide) (323) it was of 
interest to examine the effect(s) of other substituents at 
position 4 on the efficiency of the diazotative 
cyclisation of 5-amino-1-benzyl-lH-1,2,3-triazole 
derivatives. 	Consequently (Scheme 70), the known122 
aminotriazole (326) was prepared by condensation of 
cyanoacetamide (225) with benzyl azide (310) in the 
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presence of sodium methoxide. The aminotriazole (326) was 
then dehydrated with phosphoryl chloride to give the 
known' 29  5-amino-l-benzyl-4-cyano-1H-1,2,3-triazole (328). 
The 4-cyano-5-aminotriazole (328) was initially diazotised 
in a solution of glacial acetic acid containing dilute 
sulphuric acid to give a moderate yield (48%) of a solid 
whose analytical and spectroscopic properties were in full 
accord with the 3-cyano-1, 2, 3-triazoloisoindolenine 
structure (327). The aminotriazole (328) was then 
diazotised in glacial acetic acid containing concentrated 
sulphuric acid but gave a lower yield (31%) of the 
cyclised product (327). 
It has been previously discussed that the 1,2,3-
triazolo[5, 1-ajisoindolenine-3-(N,N-dimethylcarboxamide) 
(317) was unsusceptible to triazole scission using glacial 
acetic acid. 	The stability of the highly strained 
1,2,3-triazolo[5,1-a]isoindolenine ring system was further 
illustrated by the reaction of the 3-cyano-1,2,3- 
triazolo[5, 1-a] isoindolenine 	(327) 	with 	concentrated 
sulphuric acid to give a moderate yield of a solid which 
was fully characterised analytically and spectroscopically 
as the triazoloisoindolenine-3-carboxamide (329). 	There 
was no evidence for the occurrence of triazole scission in 
the course of this reaction, further demonstrating the 
enhanced stability of the triazoloisoindolenine ring 
system to acid-catalysed triazole cleavage, when an 
electron-withdrawing group is attached to the triazole 
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ring. 	Further evidence of this stability to 
acid-catalysed triazole scission was provided by the 
conversion of the nitrile (327) into the previously 
prepared carboxylic acid (314b) through hydrolysis in 
concentrated sulphuric acid to the amide (329) followed by 
in situ diazotative deamination of the latter. 
As the ethyl ester, dimethyl carboxamide and cyano 
substituted aminotriazoles [(311), (323) and (328) 
respectively] had been shown to undergo diazotative 
cyclisation to afford triazoloisoindolenine derivatives, 
it was of interest to determine whether or not an 
electron-withdrawing group at position 4 of the triazole 
ring was essential to the success of such cyclisation. 
Consequently (Scheme 71), the aminotriazole (330) was 
diazotised under both dilute and concentrated sulphuric 
acid conditions in anticipation of the formation of 
the 3-phenyl-1,2,3-triaZOlO[5,1-a]iSoifldOlefline (332). 
However, under both sets of reaction conditions, only a 
low yield of a solid, which was fully characterised both 
analytically and spectroscopically, as the deaminated 
triazole (331), was obtained. 
It was decided that as the substituent attached to 
position 4 of the triazole ring has such a large influence 
on the efficiency of the deaminative, diazotative 
cyclisation of 5-amino-l-benzyl-1H-1, 2, 3-triazole 
derivatives, to attempt to investigate the mechanism of 
this novel cyclisation reaction. It was anticipated 
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(Scheme 72) that the deaminative cyclisation could take 
place by two possible routes. Firstly, it was envisaged 
that the diazonium compound (334) could extrude molecular 
nitrogen to form the triazolyl cation (335). 
Intramolecular cyclisation could then occur by attack on 
the adjacent phenyl group of the triazolyl cation to 
afford, after deprotonation, the triazoloisoindolenine 
(339). Alternatively, the diazonium compound (334) could 
extrude molecular nitrogen to yield the radical species 
(336). Subsequent attack of the resulting triazolyl 
radical on the adjacent phenyl group would afford, after 
loss of a hydrogen atom, the triazoloisoindolenine (339). 
It is well documented 93 that thermal decomposition of 
diazonium salts usually involves cation formation. 
However, in this case it might be expected that cation 
formation would be inhibited by the predicted instability 
of the triazolyl cation (335) due to the electron-
withdrawing character of the triazole ring. The 
decomposition of diazoniuin salts to afford radical species 
is usually induced by the addition of a metal, normally 
copper, to the diazotisation reaction mixture and is known 
as the Pschorr reaction. 93 However, as the factors which 
destabilise a cation increase the stability of a radical, 
it might be predicted that the diazonium salt (334) would 
extrude molecular nitrogen to afford the triazolyl radical 
species (336). A third possible mechanism for the 
diazotative cyclisation of the aminotriazole (333) to the 
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triazoloisoindolenine (339) involves trapping of the diazo 
group of the diazonium salt (334) by the adjacent phenyl 
ring and subsequent extrusion of molecular nitrogen. This 
mechanism seems unlikely as it would be predicted that the 
resulting triazolobenzotriazepine derivative would be more 
stable than the corresponding highly strained 
triazoloisoindolenine. 
It is well documented 93 that diazonium fluoborate 
salts can be relatively stable compounds and can 
frequently be isolated. Therefore (Scheme 73), the 
aminotriazole (323) was diazotised in 40% w/v fluoboric 
acid with a view to isolating the diazonium salt (340) and 
subsequently converting it into the triazoloisoindolenine 
(317) under controlled conditions which might provide 
information on the mechanism of triazoloisoindolenine 
formation. Work up of the reaction mixture from the 
diazotisation of the aminotriazole (323) in fluoboric acid 
gave a solid which was stable indefinitely at 00 but which 
rapidly decomposed at room temperature and whose i.r. 
spectrum showed a diazo band at 2250 cm'. Further 
characterisation of this solid was not possible due to its 
instability but it seems highly probable from its i.r. 
spectrum and physical attributes that diazotisation of the 
aminotriazole (323) in fluoboric acid gave the diazonium 
fluoborate (340). The crude diazonium salt (340) was 
therefore heated in acetonitrile in an attempt to convert 
it into the triazoloisoindolenine (317). However work up 
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of the resulting reaction mixture gave only an intractable 
gum which yielded no identifiable product. 
It was decided (Scheme 73) to attempt the unambiguous 
generation of the triazolyl radical (342a) and by an 
examination of the product(s) determine whether or not the 
latter is involved in the diazotative cyclisation of 
aminotriazoles to triazoloisoindolenine derivatives. 
Consequently, the aminotriazole (323) was diazotised in 
the presence of hydrobromic acid to give a good yield of a 
solid which gave analytical and spectroscopic data in 
accord with the bromotriazole structure (341a). A 
solution of the bromotriazole (341a) in benzene was then 
treated with tributyltin hydride and the mixture was 
heated to reflux in the presence of the radical initiator 
azoisobutyronitrile (AIBN). However work up of the 
resulting mixture gave only the unreacted bromotriazole 
starting material (341a). In addition, when reaction was 
attempted in the higher boiling solvent toluene, only 
unreacted bromotriazole (341a) was again obtained. It had 
been anticipated that the bromotriazole (341a) would react 
with tributyltin hydride in the presence of AIBN to form 
the radical species (342a) which would at least undergo 
reduction if not cyclisation. Therefore, in order to 
determine if the apparent failure of the bromotriazole 
(341a) to form the radical (342a) was in some way due to 
strengthening of the carbon-bromine bond of the former by 
the electron withdrawing amide group, it was decided to 
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attempt to generate the triazolyl radical (342b) from the 
bromotriazole (341b). Therefore, the aminotriazole (330) 
was diazotised in the presence of hydrobromic acid and the 
reaction mixture was worked up to give the known 129 
bromotriazole (341b). A solution of the triazole (341b) 
in benzene was then treated with tributyltin hydride and 
the mixture was heated to reflux in the presence of the 
radical initiator AIBN. However work up of the resulting 
reaction mixture gave only a high recovery of the 
unreacted bromotriazole starting material (341b). This 
result therefore suggests that the bromo substituents of 
the bromotriazoles (341a and b) are exceptionally 
unreactive towards tributyltin hydride, or alternatively 
that the particular reaction conditions employed were 
unsuitable for radical generation. It was therefore 
decided (Scheme 74) to attempt to generate a radical 
centre from a bromo-substituent in the ortho position of 
the phenyl ring of a 1-benzyl-1H-1,2,3-triazole derivative 
under conditions analogous to those attempted with the 
bromotriazoles (341a and b). This would both provide a 
test of the reaction conditions for radical generation and 
also provide a radical species capable of 
undergoing an alternative mode of cyclisation to a 
triazolo [ 5,1-a] isoindolenine derivative. Consequently, 
the azide (343) was condensed with ethyl cyanoacetate 
(202) in the presence of sodium ethoxide to give a low 
yield of a product which was fully characterised 
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analytically and spectroscopically as the aminotriazole 
(344). In addition, an acidic solid by-product was 
obtained from this condensation, whose elemental analysis 
and mass spectrum showed it to have the molecular formula 
C 12 H 13 BrN 3 O 2 . The formulation of this by-product as the 
triazole (345), derived by Dimroth rearrangement of the 
aminotriazole (345) was verified by its 1 H n.m.r. 
spectrum, which showed the triplet-quartet pattern 
characteristic of an ethyl group, signals due to four 
aromatic protons and two one-proton exchangeable signals 
at 66.64-6.75. An attempt was then made to diazotatively 
deaminate the aminotriazole (344) in ethanol in the 
presence of 2M aqueous nitric acid. However no reaction 
was observed under these conditions and the unreacted 
aminotriazole starting material (344) was recovered in 
high yield. The failure of this attempted diazotisation 
can be attributed to the reaction mixture not being 
homogenous and therefore the attempted diazotisation of 
the aminotriazole (344) was repeated in acetic acid in the 
presence of 214 aqueous nitric acid. The resulting 
solution was then treated with 70% w/v aqueous 
hypophosphorous acid and the reaction mixture was worked 
up to give a moderate yield of a solid whose analytical 
and spectroscopic properties were consistent with 
the deaminated triazole structure (346). When the 
aminotriazole (344) was diazotised in acetic acid in the 
presence of 2M aqueous sulphuric acid then treated with 
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hypophosphorous acid, it was found that the efficiency of 
the diazotative deamination to the triazole product (346) 
was somewhat reduced. An attempt was then made 
to 	induce 	the 	intramolecular 	cyclisation 
of the 1-(2-bromobenzyl)triazole (346) to the 
triazoloisoindolenine (312) by heating a solution of the 
former in benzene with tributyltin hydride in the presence 
of AIBN. Work up of the resulting mixture gave a good 
yield of the previously prepared ethyl 1-benzyl-1H-1,2,3-
triazole-4-carboxylate (313). It seems likely that the 
transition state necessary for the formation of the 
reduction product (313) from the 1-(2-bromobenzyl)triazole 
(346) would be of a much lower energy than the transition 
state for the formation of the highly strained 
triazoloisoindolenine (312) and this possibly explains why 
reduction rather than intramolecular cyclisation takes 
place. However, formation of the product (313) by 
reaction of the bromophenyltriazole derivative (346) with 
tributyltin hydride in the presence of AIBN under the same 
conditions attempted with the bromotriazoles (341a and b) 
is a clear reflection of the unreactivity of the latter 
rather than the unsuitability of the reaction conditions. 
It is well documented 93 that radicals can attack 
electron deficient or electron rich substrates with equal 
efficiency whereas electrophilic substitution only occurs 
with electron rich substrates. 26 Therefore the efficiency 
of the diazotative cyclisation of a 5-amino-1-benzyl-1H- 
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1,2,3-triazole derivative should be increased by having an 
electron-withdrawing or an electron-donating substituent 
on the phenyl ring of the benzyl group, if a radical 
pathway is involved. In contrast, if the mechanism of 
this cyclisation reaction involves the generation of a 
triazolyl cation [e.g. (335), Scheme 72], then an 
electron-withdrawing substituent on the phenyl ring would 
be predicted to retard or even prevent cyclisation. It 
was of interest therefore to examine the effect of 
substituents in the phenyl ring of 5-amino-l-benzyl-1H-
1,2,3-triazole derivatives on the ease of their 
deaminative cyclisation reactions. Consequently (Scheme 
75), 3-nitrophenyl azide (347) was condensed with ethyl 
cyanoacetate (202) in the presence of sodium ethoxide to 
give the aminotriazole (348) which analysed correctly and 
showed spectroscopic properties in accord with its 
assigned structure. The aminotriazole (348) was then 
diazotised to give a reasonable yield of a solid whose 
elemental analysis and spectroscopic properties were 
consistent with the deaminated 1-(3-nitrobenzyl)triazole 
(349). There was no evidence that any diazotative 
cyclisation of the aminotriazole (348) had taken place 
during this reaction. The failure of the aminotriazole 
(348) to undergo diazotative cyclisation suggests that the 
mechanism of this type of process is cationic rather than 
radical in nature. The electron-withdrawing nitro group 








(ii) or (iii)j 
()TN or 
CO2Et 
(352) 	 (353) 
NaOEt,EtOH, 20° then ref lux. 
NaNO2 , 2M H2SO4 ,AcOH,H 20, 0° 




cyclisation of the aminotriazole (349) had a radical 
process been involved whereas electron-withdrawal in the 
phenyl ring of the benzyl substituent would certainly 
inhibit cationic cyclisation. 
In an extension of these studies (Scheme 76) the azide 
(350) was condensed with ethyl cyanoacetate (202) in the 
presence of sodium ethoxide to give a moderate yield of a 
solid whose elemental analysis and mass spectrum showed it 
to have the molecular formula C 11 H 13N 50 2 , and whose 1 H 
n.m.r. spectrum confirmed it as the aminotraizole 
derivative (351). Theoretically, the diazotative 
deaminative cyclisation of the aminotriazole (351) could 
give two possible products if a triazolyl cation 
intermediate was involved in the reaction mechanism. 
Although electrophilic substitution of pyridine is 
approximately a million times less favoured than 
electrophilic substitution of benzene, 94 when it does 
occur, it is found that the 3-position of the pyridine 
ring is the most susceptible to electrophilic attack. 
Therefore, it might be predicted that the diazotative 
cyclisation of the aminotriazole (351) would afford 
the 1,2,3-triazolo[1,5-a]pyrrolo[3,4-b]pyridine (352). 
Alternatively, the nucleophilic pyridine nitrogen atom 
could attack the triazolyl cation generated from the 
aminotraizole (351) and subsequently lose a proton to 
afford the tricyclic heterocycle (353). However, 
diazotisation of the aminotriazole (351) under either 
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dilute or concentrated sulphuric acid conditions gave only 
low recoveries of the unreacted starting material (351) 
together with intractable gums. It was then decided 
(Scheme 77) to attempt the diazotative cyclisation of the 
1-(4-pyridylmethyl)triaZOle (355) in anticipation of the 
formation of the bridgehead-fused 1,2,3-triazole 
derivative (357). Consequently, the azide (354) was 
condensed with ethyl cyanoacetate in the presence of 
sodium ethoxide to give a moderate yield of the 
aminotriazole (355) which was fully characterised both 
analytically and spectroscopically. The efficiency of 
this triazole synthesis was found to be susceptible to 
variations in the reaction conditions. For example, it 
was found that stirring the reaction mixture at room 
temperature for 2h then heating under reflux for 2h 
resulted in an almost 50% reduction in the yield of the 
aminotriazole (355) compared to that obtained when the 
reaction mixture was stirred at room temperature for 2h 
and then heated under ref lux for 0.5h. The reason(s) for 
this susceptibility to variations in the reaction 
conditions is unknown but one can surmise that heating the 
reaction mixture for a longer time would allow more 
opportunities for hydrolysis and subsequent decomposition 
of the aminotriazole (355) to occur. The aminotriazole 
(355) was then diazotised in acetic acid in the presence 
of 2M aqueous sulphuric acid and the reaction mixture was 
worked up to give only a low recovery of the unreacted 
Me",, 	N 3 	 ?O2Et 
+ 	CH2 
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starting material (355) together with intractable gums. 
Diazotisation of the aminotriazole (355) in glacial acetic 
acid in the presence of concentrated acid also gave only a 
low yield of a solid whose analytical and spectroscopic 
properties were in full accord with its formulation as the 
deaminated triazole (356) together with a low recovery of 
the unreacted starting material (355). 
The apparent total inhibition of the diazotative 
cyclisation of the aminotriazole (348) by the nitro group 
and the failure of the pyridylmethyltriazoles (351) and 
(355) to undergo diazotative cyclisation indicates that 
the mechanism of the cyclisation is cationic rather than 
radical in character. It was of interest therefore to 
determine whether increasing the electron density 
of the phenyl ring of the benzyl group of a 
5-amino-l-benzyl--1H-1, 2, 3-triazole derivative would 
enhance the efficiency of the diazotative cyclisation of 
the latter. Consequently (Scheme 78), the azide (358) was 
condensed with ethyl cyanoacetate (202) in the presence of 
sodium ethoxide to give a good yield of a solid which was 
fully characterised as the aminotriazole (359). The 
aminotriazole (359) was then diazotised in glacial acetic 
acid in the presence of dilute sulphuric acid and the 
reaction mixture was worked up to give a low yield of the 
deaininated triazole (361) which gave analytical and 
spectroscopic properties consistent with its assigned 
structure. However the major product (yield 31%) of this 
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diazotisation reaction was a solid whose elemental 
analysis and mass spectrum showed it to have the molecular 
formula C 13H 13N 30 21  which is consistent with the 
triazoloisoindolenine structure (360). The identity of 
this material was confirmed as the triazoloisoindolenine 
(360) by its 'H n.m.r. spectrum which showed the 
triplet-quartet signals characteristic of an ethyl group, 
a three-proton singlet due to a methyl group, a two-proton 
singlet due to a benzyl group, and in the aromatic region 
of the spectrum a two proton multiplet at 67.24-7.34 and 
an ortho coupled doublet at o8.13 with an integration 
value equivalent to one proton. Also obtained from the 
diazotisation of the aminotriazole (359) was a solid 
(yield 20%) whose elemental analysis and mass spectrum 
showed it to have a molecular formula identical to that of 
the triazoloisoindolenine (360) i.e. C, 3H 13N 30 2 . The 'H 
n.m.r. spectrum of this material showed the presence of 
proton signals due to an ethyl group, a methyl group, and 
the methylene moiety of a benzyl group, and in the 
aromatic region of the spectrum, a three-proton multiplet 
at o7.25-7.33. This product was therefore assigned 
the isomeric 4-methyl-1,2,3-triazolo[5,1-a]isoifldOleflifle 
structure (362). When the aminotriazole (359) was 
diazotised in acetic acid, containing concentrated 
sulphuric acid a 1:1 mixture of the triazoloisoindolenine 
derivatives (360) and (362) was obtained in 47% yield 
together with a low yield of the deaminated triazole 
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The failure of the 5-ainino-l-(3-nitrobenzyl)-lH-1,2,3-
triazole (348) to undergo diazotative cyclisation and the 
effect of a weakly electron-donating methyl group in 
increasing the efficiency of the diazotative cyclisation 
of the aminotriazole (359) [total yield of cyclised 
product 51%) compared to that of the 5-amino-1-benzyl-1H-
1,2,3-triazole (311) [total yield of cyclised product 
33%], under dilute acid conditions, strongly supports the 
involvement of a triazolyl cation intermediate in such 
cyclisation reactions. However if the diazotative 
deaminative, cyclisation of 5-amino-1-benzyl-1H-1, 2,3-
triazole derivatives involves a triazolyl cation 
intermediate, then the effect of the substituent at 
position 4 of the aminotriazole on the efficiency of the 
cyclisation requires a good deal of explanation. It has 
been shown that the efficiency of the diazotative 
deaminative cyclisation of 5-amino-1-benzyl-1H-1, 2,3-
triazole derivatives is increased by increasing the 
electron-withdrawing capacity of the substituent at C-4 of 
the triazole ring. Thus, diazotisation of the 
amino-cyanotriazole (328), the aminotriazole ester (316) 
and the aminotriazole N,N-dimethylcarboximide (323) under 
dilute acid conditions affords the corresponding 
triazoloisoindolenine derivatives in 48%, 33% and 15% 
yields respectively. This is exactly the opposite to what 
one would expect if a triazolyl cation intermediate is 
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involved in the diazotative cyclisation process, as it is 
known26 that the electron-withdrawing capacity of a 
dimethyl carboximide group is less than an ethyl ester 
group, and the latter is less electron-withdrawing than a 
cyano group. It might be predicted therefore, that the 
diazotisation (Scheme 70) of the aminotriazole (328) would 
generate a less stable triazolyl cation than the triazolyl 
cation generated by the diazotisation (Scheme 69) of the 
aminotriazole (323). Consequently, it might be expected 
that as the triazolyl cation generated from the cyano-
substituted triazole (328) would be less stable than the 
triazolyl cation generated from the dimethylcarboxamide 
substituted triazole (323), that the latter would undergo 
the more efficient cyclisation. It is surprising 
therefore that the aminotriazole (328) undergoes 
diazotative cyclisation with substantially greater 
efficiency than the aminotriazole (323). A possible 
explanation for the efficiency of the diazotative 
cyclisation of the 5-amino-l-benzyl-4-cyano-lH-1, 2,3-
triazole (328) could be that the triazolyl cation 
generated from this substrate is so destabilised that it 
reacts immediately and intramolecularly with the adjacent 
phenyl ring. However, the triazolyl cation generated by 
diazotisation of the 5-amino-l-benzyl-1H-1, 2, 3-triazole-
4-(N,N-dimethylcarboxamide) (323) is less destabilised and 
thus solvolysis and other intermolecular processes have an 
opportunity to compete with intramolecular cyclisation. 
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It has been demonstrated by Olah and his coworkers 95 
that cationic species are stabilised by strong acids. It 
is interesting to note therefore, that the diazotative 
cyclisation of some 5-amino-l-benzyl-1H-1, 2, 3-triazole 
derivatives is less efficient when the aminotriazole is 
diazotised in a solution of concentrated sulphuric acid in 
glacial acetic acid, than in a solution of 2M aqueous 
sulphuric acid in acetic acid. It might be predicted that 
the extra stabilisation of the triazolyl cation 
intermediate, afforded by a solution of concentrated 
sulphuric acid, would increase the efficiency of the 
diazotative cyclisation of 5-amino-l-benzyl-1H-1, 2,3-
triazole derivatives. However, although it is found that 
diazotisation (Scheme 67) of the aminotriazole (311) 
results in an approximately 50% increase in the yield of 
the triazoloisoindolenine (312) when the reaction is 
carried out under strong acid conditions compared with 
dilute acid conditions, it is also found that the 
diazotative cyclisation (Scheme 70) of the cyano-5-
aminotriazole (328) is less efficient under concentrated 
acid conditions. Additionally, it is found that the 
diazotative cyclisation of ethyl 5-amino-1--(3-
nethylbenzyl)-1H-1,2,3-triazole-4-carboxylate (359) is as 
efficient under dilute acid conditions as under 
concentrated acid conditions. It has also been shown 
(Scheme 69) that diazotisation of the aminotriazole-4-
(N,N-dimethylcarboxamide) (323) under concentrated acid 
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conditions fails to result in cyclisation. It has been 
previously discussed (page 264) that the greater 
efficiency of the diazotative cyclisation of the 
5-amino-4-cyanotriazole (328) compared to the 
aminotriazole-4-(N,N-dimethylcarboxamide) (323), under 
dilute acid conditions, could be due to the triazolyl 
cation generated from the latter having greater 
opportunity to react intermolecularly than the triazolyl 
cation generated from the former. It is likely that 
diazotisation 	of 	the 	aminotriazole-4-(N,N- 
dimethylcarboxamide) 	(323) 	under concentrated 	acid 
conditions would result in the generation of an even more 
stable 	triazolyl 	cation, 	which 	could 	react 
intermolecularly even more readily. It is possible 
therefore ; that competing intermolecular processes account 
for the failure of the aminotriazole (323) to undergo 
diazotative cyclisation under strong acid conditions. The 
decrease in the efficiency of the diazotative cyclisation 
of the 5-amino-4-cyanotriazole (328) under strong acid 
conditions, compared to dilute acid conditions, can 
possibly also be attributed to stabilisation of the 
triazolyl cation intermediate by concentrated sulphuric 
acid and hence enhanced intermolecular (as opposed to 
intramolecular) reactivity of the stabilised cation. In 
contrast, under dilute acid conditions, the triazolyl 
cation intermediate generated from the amino-cyanotriazole 
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rapidly as possible, and thus intramolecularly. However, 
if the triazolyl cation generated by diazotisation of 
5-ainino-l-benzyl-1H-1, 2, 3-triazole derivatives is 
stabilised by strong acid to an extent which promotes 
intermolecular nucleophilic attack over intramolecular 
attack, it would appear anomolous that the diazotative 
cyclisation of ethyl 5-amino-1-benzyl-1H- 1,2,3-triazole-
4-carboxylate (311) is more efficient under concentrated 
acid conditions than under dilute acid conditions and the 
efficiency of the diazotative cyclisation of the methyl 
derivative (359) is approximately equal under both sets of 
conditions. It appears therefore that a number of other 
unknown factors affect the efficiency of the diazotative 
cyclisation of 5-ainino-1-benzyl-1H-1, 2, 3-triazole 
derivatives. However, it does seem likely that such 
cyclisation reactions involve the intermediacy of 
triazolyl cation species. 
As the diazotative cyclisation of 5-amino-l-benzyl-lH-
1,2,3-triazoles appears to involve the generation of a 
triazolyl cation intermediate, and the efficiency of the 
diazotative cyclisation of the 5-amino-1-(3-methylbenzyl)-
1H-1,2,3-triazole (359) is greater (under dilute acid 
conditions) than the cyclisation of the 5-amino-1-benzyl-
1H-1,2,3-triazole (311), it was decided (Scheme 79) to 
examine the diazotative cyclisation of the aminotriazole 
(364). It was anticipated that diazotative cyclisation of 
this substrate would be promoted by its electron rich 
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phenyl ring. 	Consequently, 3-methoxybenzyl azide (363) 
was condensed with ethyl cyanoacetate (202) in the 
presence of sodium ethoxide to give the expected 
aminotriazole (364) whose analytical and spectroscopic 
properties were fully in accord with its structure. It 
was found that using two equivalents of ethyl cyanoacetate 
(202) and associated base gave almost a 100% increase in 
the yield of the aminotriazole (364) compared with that 
obtained when only one equivalent of the nitrile (202) and 
base were used. The aminotriazole (364) was then 
diazotised in acetic acid containing 2M aqueous sulphuric 
acid and the reaction mixture was worked up to give a 
moderate yield (48%) of a solid whose elemental analysis 
and mass spectrum showed it to have the molecular formula 
The 'H and 13C n.m.r. spectra of this solid 
showed signals due to two ester functions, two methoxy 
groups, two benzylic groups as well as two aromatic rings. 
This spectroscopic data together with the product's 
analytical properties allow its formulation as an 
inseparable 1:1 mixture of the 4-methoxy- and 6-methoxy-
1,2,3-triazolo[5,1-a]isoindolenines (367) and (368). Also 
obtained from the diazotisation of the aminotriazole (364) 
was a low yield of a solid which was fully characterised 
analytically and spectroscopically as the deaxninated 
triazole (366). In addition, a small amount of a bright 
yellow solid was obtained whose t.l.c. in ethyl acetate 
over silica showed only one spot. The 'H n.m.r. spectrum 
MW 
of this yellow solid however showed it to be an equally 
proportioned two component mixture, containing signals 
attributable to the protons of two methoxy groups, two 
ethyl ester functions and two benzylic groups. In the 
aromatic region of this spectrum, ortho coupled doublets 
were visible at 88.15 and 68.05, meta coupled doublets at 
87.16 and 87.05 and a multiplet was visible at 66.98-6.81. 
By comparison of the 1 H and 13 C n.m.r. spectra of this 
yellow solid mixture with the spectrum of the mixture of 
the triazoloisoindolenines (367) and (368), it was 
possible to assign one of the components of the yellow 
solid mixture as - one of the components of the 
triazoloisoindolenine mixture (367) and (368). As only 
the 6-methoxytriazoloisoindolenine (367) shows an ortho 
coupled doublet in the aromatic region of the 1 H n.m.r. 
spectrum it was possible to assign one component of the 
yellow solid mixture as the triazoloisoindolenine (367). 
The second component of this yellow solid mixture was 
later identified as the triazolobenzotriazepine (365) by 
comparison with the 1 H n.in.r. spectrum of an authentic 
sample which was synthesised unambiguously as discussed 
later. 
It has been discussed previously (page 236) that 
diazotisation of the aminotriazole (311) is almost 50% 
more efficient under concentrated acid conditions than 
under dilute acid conditions. It might be predicted 
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aminotriazole (364) would be more efficient under 
concentrated acid conditions. Consequently (Scheme 80), a 
solution of the aminotriazole (364) in concentrated 
sulphuric acid in glacial acetic acid was diazotised, and 
the reaction mixture was worked up to give a high yield of 
a solid, whose elemental analysis and mass spectrum showed 
it to have the molecular formula C 1 H 1 1 N 5 0 3 . The i.r. 
spectrum of this solid showed broad OH or NH absorption at 
3320-3250 cm-1 and a carbonyl band at 1700 cm -1 . An 
examination of the 1 H n.m.r. spectrum of this material 
showed the triplet-quartet signals characteristic of an 
ethoxy group, two benzylic protons, an ortho coupled 
doublet at 67.90 with an integration value of one proton 
and a two proton multiplet at 66.98-7.10. The most 
notable feature about this 1 H n.m.r. spectrum is the total 
absence of any signal which can be attributed to the 
protons of a methoxy group. Consideration of the 
molecular formula of the product and its spectroscopic 
properties suggests diazotisation of the aminotriazole 
affords the diazonium cation (369) which is 
subsequently trapped to afford the triazolobenzotriazepine 
and that the latter then undergoes demethylation to 
afford either the quinone-iinine (373) or its phenolic 
isomer (374). 	As it is known 83 1 84 that the nitrogen- 
nitrogen double bond of the benzo-1,2,4-triazepine ring 
system is relative unstable and such heterocycles often 
undergo tautomerism to form a more stable carbon-nitrogen 
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double bond, the solid obtained from the diazotisation of 
the aminotriazole (364) is assigned the quinone-imine 
structure (373). 	It is envisaged that the formation 
of 	the 	quinone-imine 	(373) 	results 	from 
subsequent dealkylation of the 8-methoxy-1,2,3-
triazolobenzotriazepine (365) rather than resulting from 
dealkylation before intramolecular cyclisation of the 
diazonium salt (369), as it has been shown (Scheme 41) 
that ethyl 5-amino-l-(3-methoxyphenyl) -1H-1, 2, 3-triazole-
4-carboxylate (203b) undergoes diazotative cyclisation 
under identical diazotisation conditions without 
demethylation. It would appear unlikely that 
3-methoxybenzyl derivatives undergo demethylation of the 
methoxy group, whereas under the same conditions 
3-methoxyphenyl derivatives do not. This therefore 
suggests that it is the triazolobenzotriazepine (365) 
which undergoes demethylation. The proposed mechanism 
(Scheme 80) for the dealkylation reaction will be 
discussed in detail at a later stage. 
Although analytical and spectroscopic evidence provide 
compelling evidence for the formulation of the product of 
the diazotisation of the aminotriazole (364) as the 
quinone-imine (365) or its phenolic tautomer (374), the 
inability of the product to form suitable crystals meant 
that its structure could not be conclusively established 
by X-ray analysis. Therefore (Scheme 81) an attempt was 
made to verify the structure of the quinone-imine (365) by 
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unambiguous synthesis. 	The ability of 5-amino-1,2,3- 
triazole derivatives to undergo intermolecular coupling on 
diazotisation is well documented. 51-53 Consequently, it 
was anticipated that diazotisation of the aminotriazole 
(376) would afford the diazonium salt (377) and the latter 
could couple with 3-methoxybenzyl chloride (378) to afford 
the azo compound (379). It was anticipated that 
base-catalysed intramolecular cyclisation of the azo 
product (379) would afford the 8-methoxy-1,2,3-
triazolobenzotriazepine (365) by extrusion of hydrogen 
chloride and acid-catalysed dealkylation of the resulting 
triazolobenzotriazepine (365) could then be induced to 
afford the quinone-imine (373). However, when the 
aminotriazole (376) was diazotised and the resulting 
solution was treated with 3-methoxybenzyl chloride (378), 
work up of the mixture gave only unreacted 3-methoxybenzyl 
chloride (378) and the known 130 diazonium betaine (375). 
Due to the difficulty encountered in the unambiguous 
preparation of the quinone-imine (373), it was decided 
(Scheme 82) to attempt to confirm the structure of the 
latter by chemical degradation. Therefore, an 
attempt was made to prepare the 8-methoxy-1,2,3-
triazolobenzotriazepine (365) by reaction of the quinone-
mime (373) with methyl iodide in the presence of sodium 
hydride. However work up of the reaction mixture gave 
only an intractable gum. An attempt to alkylate the 
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presence of potassium carbonate was also unsuccessful and 
also gave only an intractable gum. Acetylation of the 
quinone-imine (373) proved more successful, as heating of 
the latter in acetic anhydride gave a high yield of a 
product whose elemental analysis and mass spectrum showed 
it to have the molecular formula C 14 11 13N 5 0 4 . The i.r. 
spectrum of the compound showed a strong carbonyl band at 
1770 cm-1 indicating the formation of the O-acetylated 
1,2,3-triazolobenzotriazepifle (383) rather than the 
alternative isomer in which acetylation had taken place at 
N-4. If N-acetylation had occurred, it would be expected 
that the resulting acetyl group would absorb at a much 
lower frequency than 1770 cm -1 . Confirmation of the 
structure of the acetylated 1,2,3-triazolobenzotriazepine 
(383) was provided by its 1 H n.m.r. spectrum which showed 
signals due to the protons of an ethyl group, an acetyl 
methyl group, a benzylic group as well as three aromatic 
proton signals. Base-catalysed saponification of the 
quinone-imine (373) also proved possible. Thus heating a 
solution of the latter in ethanol with dilute sodium 
hydroxide gave a high yield of a solid whose analytical 
and spectroscopic properties were in full accord with its 
formulation as the carboxylic acid (382). An attempt to 
induce the acid-catalysed saponification of the 
quinone-imine (373) to the carboxylic acid (382) by 
heating the former with 2N aqueous hydrochloric acid in 
acetic acid gave only an intractable gum. However when 
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the acid-catalysed hydrolysis of the quinone-imine (373) 
was attempted using 2M aqueous hydrochloric acid in 
ethanol, the product obtained in high yield, was a solid 
whose elemental analysis and mass spectrum showed it to 
have the molecular formula C 14H 15N 50 3 . The 1 H n.m.r. 
spectrum of this solid product showed signals due to the 
protons of two ethoxy groups, two benzylic protons, and 
three aromatic protons, leading to its formulation as the 
8-ethoxy-1,2,3-triazolobenzotriazepine (380). When the 
similar preparation of the methyl ether (365) was 
attempted by heating a methanolic solution of the 
quinone-imine (373) with 2M aqueous hydrochloric acid, a 
solid was obtained whose 1 H n.m.r. spectrum suggested it 
contained 75% of the unreacted starting material (373) 
together with 25% of an initially unidentified material 
tentatively assigned the methoxy ether structure (365) and 
later confirmed as the latter by comparison with the 1 H 
n.m.r. spectrum of an authentic sample. A methanolic 
solution of the quinone-imine (373) was then heated with 
concentrated hydrochloric acid and the reaction mixture 
worked up to give a high yield of a solid product whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 13 H 13N 5 0 3 . The 1 H n.m.r. spectrum of 
this product was fully consistent with the 8-methoxy-
1,2,3-triazolobenzo-1,2,4-triazepine structure (365). 
The sluggishness of the formation of the methyl ether 
(365) from the quinone-imine (373) in methanol in the 
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presence of 2M aqueous hydrochloric acid, compared to the 
ease of the formation of the 8-ethoxy-1,2,3-triazolobenzo-
1,2,4-triazepine (380) from the quinone-imine (373) under 
similar conditions is possibly due to ethanol being a 
better nucleophile and poorer leaving group 8 ° than 
methanol. Treatment (Scheme 83) of the quinone-imine 
(373) with dilute acid could lead to the formation of the 
protonated species (384) and the latter would then be 
subject to competitive attack by water and ethanol or 
methanol, depending on which of the alcohols is used as 
the solvent for the reaction. Ethanol is much more 
nucleophilic than water 8 ° and therefore the formation of 
the intermediate (385c) would be predicted to be minimal, 
when a solution of the quinone-imine (373) in ethanol is 
treated with dilute aqueous acid. It would be expected 
instead that the hemi-acetal (385a) would be formed from 
the quinone-imine (373), and because water is a much 
better leaving group than ethanol, 80 the hemi-acetal 
(385a) would dehydrate to the ethyl ether (380) rather 
than eliminate ethanol. In contrast, methanol is less 
nucleophilic than ethanol 8 ° and only slightly more 
nucleophilic than water. 8 ° Therefore, a methanolic 
solution of the quinone-imine (373) would result in the 
formation of a significant amount of the intermediate 
(385c), as well as the hemi-acetal (385b), when treated 
with dilute aqueous acid. As water is only a slightly 
better leaving group than methanol, 80 the hemi-acetal 
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(385b) would be predicted to undergo dehydration and 
elimination of methanol, However, when a methanolic 
solution of the quinone-imine (373) is treated with 
concentrated hydrochloric acid, then less water is in the 
reaction mixture to compete in the nucleophilic attack of 
the protonated species (384). It is unimportant in the 
reaction of the quinone-imine (373) with methanol, in the 
presence of concentrated hydrochloric acid, that methanol 
and water have similar nucleophilicities and leaving group 
ability, as methanol is in a vast excess in the reaction 
mixture and thus the equilibrium would favour formation of 
the methyl ether. 
It has been discussed previously that it is believed 
that the quinone-imine (373) is formed by dealkylation of 
the methyl ether (365) and not as a result of dealkylation 
before diazotative cyclisation has taken place. In order 
to test this hypothesis (Scheme 82), a solution of the 
methyl ether (365) in glacial acetic acid containing 
concentrated sulphuric acid and a trace of water was 
stirred at 00 [i.e. conditions identical to those used for 
the preparation of the quinone-imine (373) from the 
aminotriazole (364) except for the absence of sodium 
nitrite). This reaction gave a low yield of the quinone-
imine (373), thus supporting the suggestion that the 
latter is formed by dealkylation of the methyl ether 
(365). The relatively low yield of the quinone-imine 
(373) and the high recovery of unreacted methyl ether 
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(365) from this reaction can possibly be attributed to 
mechanical problems associated with the small scale of the 
reaction, rather than being due to sodium nitrite playing 
a role in the dealkylation of the methyl ether (365). 
As it had proved possible to dealkylate the methyl 
ether (365) to the quinone-imine (373), and convert the 
latter to the ethyl ether (380), it was of interest 
(Scheme 84) to attempt the preparation of the ethyl ether 
(380) from the methyl ether (365) without the necessity of 
first isolating the quinone-imine (373). Therefore, a 
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solution of the methyl ether (365) in ethanol containing 
concentrated hydrochloric acid was heated to reflux then 
worked up to give a high yield of the ethyl ether (380). 
The mechanism for the conversion of the methyl ether (365) 
into the ether ether can be envisaged to involve the 
generation of an intermediate such as the ketal (386), 
which could eliminate methanol to afford the ethyl ether 
(380) or eliminate ethanol to regenerate the methyl ether 
(365). As methanol is a better leaving group than 
ethanol 8 ° and ethanol is in a vast excess in the reaction 
mixture, all of the methyl ether (365) would eventually be 
converted into the ethyl ether (380). An alternative 
mechanism can be postulated which involves dealkylation 
(Scheme 80) of the methyl ether (365) and subsequent ethyl 
ether formation from the resulting quinone-imine (373) as 
outlined in Scheme 83. It was therefore decided to 
attempt to mimic the conditions of the direct conversion 
of the methyl ether (365) into the ethyl ether (380), in 
order to establish whether the quinone-imine (373) is 
involved as an intermediate in this transformation. 
Consequently (Scheme 85), the methyl ether (365) was 
heated in concentrated hydrochloric acid, and the reaction 
mixture was worked up to give a low yield of an 
intractable solid, whose mass spectrum showed a parent ion 
at m/z (Elms), 201.0648 (M+), consistent with the 
molecular formula C 9 H ? N 50. Examination of the 1 H n.m.r. 
spectrum of this product showed a vinylic type CH signal, 
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and signals due to three aromatic protons and two benzylic 
protons, leading to its structural assignment as the 
parent triazolobenzotriazepine (387). The formation of 
the quinone-imine structure (387) from the methyl ether 
(365) in the presence of concentrated hydrochloric acid 
means that it is not possible to exclude the generation of 
the quinone-imine (373) as an intermediate in the direct 
conversion of the methyl ether (365) into the ethyl ether 
(380). However, the conditions involved in the formation 
of the quinone-imine (387) are sufficiently different from 
the conditions used for the conversion of the methyl ether 
(365) into the ethyl ether (380) to make any correlation 
between the two reactions questionable. 
It has been discussed previously that the 
quinone-imine (373) gave only an intractable gum when 
heated with dilute aqueous hydrochloric acid in acetic 
acid. As it has also been shown that the 3-unsubstituted 
quinone-imine (387) can be isolated after being heated to 
700 in concentrated hydrochloric acid, it seems highly 
unlikely that the acid-catalysed triazole scission of 
triazolobenzotriazepine derivatives, which exist in a 
"quinone-imine" type structure, would be successful. 
Therefore (Scheme 85), it was decided to examine the 
acid-catalysed triazole cleavage reactions of the 
"benzenoid" 8-methoxy-1,2,3-triazolobenzotriazepine (365). 
As the presence of an electron-withdrawing substituent 
attached to the triazole ring of bridgehead-fused 1,2,3- 
triazoles prevents the acid-catalysed triazole scission of 
every reported example of such heterocycles, except 
1,2, 3-triazolobeflZO-1, 2 ,4-triazine derivatives, as 
discussed in Chapter 2, (see Section 2.2, page 54), it was 
considered necessary to hydrolyse the ester group of the 
triazolobenzotriaZepine (365) in order to make the latter 
more susceptible to triazole scission. Consequently, the 
ester (365) was heated with 2M aqueous sodium hydroxide 
solution to give an acidic solid whose mass spectrum 
showed a parent ion at m/z (FAB ms), 260.0784 (M+H)+ 
consistent with the molecular formula C,,H 9N 50 3 . The 'H 
n.m.r. spectrum of this solid showed signals due to the 
protons of a methoxy group, three aromatic protons and a 
one proton doublet at 68.77 with a coupling constant of 1 
Hz. As no benzylic-type protons were present in the 'H 
n.m.r. spectrum of the product, it was tentatively 
assigned the ortho-quinonoid structure (388) with the 
doublet at 68.77 being attributed to H-b. The 
alternative Dimroth rearranged isomer (389) was also 
considered as a possible structure for the product of the 
hydrolysis of the triazolobenzotriazepine. However it is 
probable that H-10 of the Dimroth rearranged isomer (389) 
would be less likely to exhibit coupling with H-9 than 
H-10 of the "ortho quinonoid" structure (388). It is 
probable 	therefore 	that 	reaction 	of 	the 
triazolobenzotriazepine (365) with sodium hydroxide gives 
the ortho quinonoid structure (388). However due to the 
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difficulty of obtaining suitable crystals it was not 
possible to confirm the structural assignment by X-ray 
analysis. It has been demonstrated previously (Scheme 42) 
that bridgehead-fused 1, 2,3-triazoles with a carboxylic 
acid function attached to the triazole ring can undergo 
thermal decarboxylation. Consequently, a solution of the 
carboxylic acid (388) in dimethylformamide was heated to 
reflux in the expectation of effecting its conversion into 
the corresponding decarboxylated triazolobenzotriazepine 
product (390). This reaction gave a good yield of a solid 
product whose analytical and spectroscopic properties were 
consistent with its formulation as the decarboxylated 
triazolobenzotriazepine (390). As it is known 6 ° that 
bridgehead-fused 1,2,3-triazole derivatives can undergo in 
situ decarboxylation and acid-catalysed triazole scission, 
the carboxylic acid (388) was also heated under reflux in 
glacial acetic acid. However this reaction gave only the 
decarboxylated triazolobenzotriazepine (390) after a 
reaction time of 96 hours. An attempt was then made to 
induce cleavage of the decarboxylated 
triazolobenzotriazepine (390) using ethanolic perchioric 
acid. However, no triazole scission of the 
triazolobenzotriazepine (390) was observed. Instead, the 
reaction gave a high yield of a solid product whose mass 
spectrum showed a parent ion at m/z (Elms), 229.0967 (M+) 
consistent with the molecular formula C 1 1 H 1 1 N 50, and whose 
1 H n.m.r. spectrum confirmed it to be the product of ether 
exchange, 	8-ethoxy-4H-1,2,3-triazolo[5,1-c]benzo-1,2,4- 
triazepine (391). An attempt to induce the similar ether 
exchange of the methoxy group of the carboxylic acid (388) 
using ethanol in the presence of concentrated hydrochloric 
acid gave only an intractable gum. The reluctance of the 
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undergo acid-catalysed triazole scission is possibly due 
(Scheme 86) to the instability of the predicted 
intermediate of the cleavage reaction [i.e. the azo 
species (394)]. It can be seen that the azo intermediate 
(394) has 12 ir-electrons in the benzotriazepine ring 
system, and thus is anti-aromatic. A driving force for 
the formation of the C(3)-N(4) double bond is therefore 
lacking, and hence triazole scission of the 
triazolobenzotriazepine (390) is inhibited. As an 
intermediate similar to the azo species (394) would be 
necessary for the carboxylic acid (388) to undergo Dimroth 
rearrangement, it would appear highly unlikely that the 
reaction of the benzotriazepine derivative (365) with 
sodium hydroxide gives the Dimroth rearranged 
triazolobenzotriazepine carboxylic acid (389) as 
previously considered and rejected on spectroscopic 
grounds. It was therefore decided to attempt to 
circumvent the problem of generating an anti-aromatic 
intermediate in the acid-catalysed triazole cleavage of 
the triazolobenzotriazepine (390). Consequently (Scheme 
85), an attempt was made to couple benzenediazonium 
chloride with the acidic triazolobenzotriazepine (390). 
It was anticipated that coupling would occur at C-iD in 
order to re-aromatise the benzene ring, and that the 
coupled product would exist as the imine (392), rather 
than its diazo tautomer, due to the greater stability of a 
carbon- nitrogen double bond compared to a nitrogen- 
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nitrogen double bond. 79 It was hoped that the coupled 
compound (392) would then prove amenable to acid-catalysed 
triazole scission as the predicted intermediate for this 
reaction would contain lOn- electrons in the 
benzotriazepine ring(s) (i.e. it would be aromatic) due to 
protonation of the imine double bond at C-b. However, an 
attempt to couple the triazobobenzotriazepine (390) with 
benzenediazonium chloride proved unsuccessful and only a 
quantitative recovery of unreacted triazobobenzotriazepine 
starting material (390) was recovered from the reaction. 
It has been discussed previously that the 
quinone-imine (387) is unsusceptible to acid-catalysed 
triazole scission. The failure of the quinone-imine (387) 
to undergo triazole cleavage in strong acid can probably 
be attributed to the cleavage product from the latter 
being non-aromatic. Therefore (Scheme 82) an attempt was 
made to oxidise the quinone-imine (373) to the diketonic 
species (381) using ceric ammonium nitrate. It was 
anticipated that the diketonic species (381) could be 
hydrolysed and the resulting carboxylic acid could undergo 
41-1 
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acid-catalysed triazole scission via the conjugatively 
stabilised enone intermediate (396). However, the 
attempted oxidation of the quinone-imine (373) with ceric 
ammonium nitrate gave only an intractable gum. The 
speculative oxidation of the quinone-imine (373) was then 
attempted using manganese dioxide. However, only 
unreacted starting material (373) was recovered from this 
reaction. 
As it has been previously shown in the synthesis of 
triazoloisoindolenine derivatives that the substituent 
attached to position 4 of the triazole ring of 
5-amino-l-benzyl-1H-1, 2, 3-triazoles has a significant 
influence on the efficiency of the deaminative, 
diazotative cyclisation of the latter, it was of interest 
to examine the influence of a range of substituents at 
position 4 on the intramolecular cyclisation of diazonium 
cations derived from 5-amino-l-benzyl-1H-1, 2, 3-triazoles. 
Consequently (Scheme 87), the azide (363) was condensed 
with cyanoacetamide (225) , in the presence of sodium 
methoxide to give a good yield of a product which had 
analytical and spectroscopic properties consistent with 
the aminotriazole structure (397). Diazotisation of the 
aminotriazole (397) under both dilute and concentrated 
acid conditions resulted, unsurprisingly, in trapping of 
the diazonium cation by the amide nitrogen atom to afford 
moderate yields of the triazolotriazinone (399), which 
analysed correctly and had mass, i.r., and 'H n.m.r. 
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spectra consistent with the assigned structure. 	The 
aminotriazole (397) was then treated with phosphoryl 
chloride in dimethylformamide, and the reaction mixture 
was worked up to give a high yield of a product whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 1 1 H 1 1 N 50. This product was confirmed 
as the 5-amino-4-cyanotriazole (398) by its i.r. spectrum 
which showed cyano absorption and by its 1 H n.in.r. 
spectrum. The aminotriazole (398) was then diazotised in 
glacial acetic acid in the presence of 2M aqueous 
sulphuric acid to give only an intractable gum. However, 
when the aminotriazole (398) was diazotised in the 
presence of concentrated sulphuric acid a solid product 
was obtained in high yield, whose elemental analysis and 
mass spectrum showed it to have the molecular formula 
C 11 H 8N 60. This solid was identified as the 8-methoxy-
1,2,3-triazolobenzotriazepine (400) on the basis of its 1 H 
n.m.r. spectrum which showed signals due to the protons of 
a methoxy group and a benzyl group, two aromatic protons 
as a multiplet at 67.19-7.35 and a one proton ortho 
coupled doublet at 68.12. 
The observation that diazotative cyclisation of the 
aminotriazole 	(398) 	gives 	the 	8-methoxy-1,2,3- 
triazolobenzotriazepine 	(400), 	without any apparent 
concomitant demethylation, was unexpected. 	It might be 
predicted from the formation of the quinone-imine (373) by 
diazotisation of ethyl 5-amino-l-(3-methoxybenzyl)-1H- 
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1,2,3-triazole-4-carboxylate (364) under concentrated acid 
conditions that demethylation would also be a feature of 
the diazotative cyclisation (Scheme 87) of the 
aminotriazole (398) under these conditions. It has been 
suggested in Chapter 2 (see Section 2.2, page io4a. ) that 
linear triazolobenzotriazine derivatives are stabilised 
relative, to the angular isomer, when an electron 
withdrawing group is attached to the triazole ring of this 
ring system, due to destabilisation of the N(4)-N(5) 
double bond by distortion of the n-electron overlap of 
this bond. It is also known 83 ' 84 that benzo-1,2,4-
triazepine derivatives prefer to exist in a tautomeric 
form containing carbon-nitrogen double bonds rather than a 
nitrogen-nitrogen double bond. It might be expected 
therefore that the triazolobenzotriazepine (365) 
containing a N(4)-N(5) double bond, would be destabilised 
by the ester group at C-3 because this electron-
withdrawing functional group would pull the ir-electrons of 
the N(4)-N(5) double bond towards the triazole ring, and 
thus distort the overlap of the n-electrons of this bond. 
As a result of the destabilisation of the 
triazolobenzotriazepine (365) by the ester group, a 
driving force is present within the molecule for the 
formation of the quinone-imine (373), in which the 
aromaticity of the benzene ring is lost. Two possible 
mechanisms can be envisaged for the dealkylation of the 
triazolobenzotriazepine (365) to afford the quinone-imine 
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(373) and these are outlined in Scheme 80. 	Firstly, 
protonation at N-4 (path A) would afford the conjugate 
acid (370) and the latter could then undergo solvation to 
afford the hemi-acetal (371). The hemi-aceta]. (371) could 
then eliminate methanol (path a) 	to afford the 
quinone-imine (373) directly. 	Alternatively elimination 
of methanol from the hemi-acetal (371) could occur (path 
b) to afford the 8-hydroxytriazolobenzotriazepine (374) 
which could yield the quinone-imine (373) after 
tautomerism. Alternatively (path B), protonation of the 
8-methoxytriazolobenzotriazepine (365) could occur at the 
methoxy group, rather than at N-4, to give the conjugate 
acid (372). The protonated species (372) could then 
undergo solvolysis to afford the 8-hydroxy-1,2,3-
triazolobenzotriazepine (374), tautomerisation of which 
would then afford the quinone-imine (373). It would be 
predicted that as a cyano group is more electron-
withdrawing than an ester group, 76 that the N(4)-N(5) 
double bond of the 3-cyanotriazolobenzotriazepine (400) 
would be more destabilising than the corresponding double 
bond of the triazolobenzotriazepine ester (365). However, 
it is possible that the high electron-withdrawing power of 
the cyano group at C-3 could reduce the basicity of both 
N-4 and the methoxy group at C-8 of the 
triazolobenzotriazepine (400) to such an extent that 
protonation at both these centres would be inhibited, and 
thus, demethylation of the triazolobenzotriazepine (400) 
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would be inhibited. 
It has been shown previously (Scheme 85) that reaction 
of the triazolobenzotriazepine ester (365) with sodium 
hydroxide results in both saponification and tautomerism 
to afford the "ortho quinonoid" triazolobenzotriazepine 
carboxylic acid (388). The mechanism for the formation of 
the "ortho quinonoid" like carboxylic acid (388) must 
involve removal of one of the benzylic protons at C-10 of 
the ester (365) by sodium hydroxide, either before, or 
after, saponification, and subsequent protonation of the 
resulting sodium salt(s) during work up of the reaction 
mixture. The driving force for the formation of the 
"ortho quinonoid" structure (388) is probably provided by 
the removal of the unstable N(4)-N(5) double bond of the 
triazolobenzotriazepine ester (365) or its carboxylic acid 
analogue. As the N(4)-N(5) double bond of the 
3-cyanotriazolobenzotriazepjne (400) should be more 
destabilised than the N(4)-N(5) double bond of the ester 
(365), due to the greater electron-withdrawing capacity of 
a cyano group compared to an ester group, it was of 
interest (Scheme 87) to determine if the base-catalysed 
tautomerism of the nitrile (400) could also be induced. 
Therefore, the 3-cyanotriazolobenzotriazepine (400) was 
heated with methanolic sodium methoxide to give an acidic 
product whose mass spectrum showed a parent ion at m/z 
(Elms), 204.0767 (Mt), consistent with the molecular 







(403) ; COPh 
(229a) ; S02Ph 
(233a) ; Ph 
Me 
NH 2  A 
(404) ft 
a ; SO2 Ph 
b ; Ph 

























NaOEt,EtOH, 20° then,reflux. 
NaOMe,MeOH,reflux. 
NaNO2 , 2M H 2SO4 ,AcOH,H 20, 00. 
NaNO2 ,H2SO4(conc.),AcOH,H 20, 0 
2M NaOH,EtOH,reflux. 
b ; Cl 
c ; OEt 
Scheme 88 
showed signals due to the protons of a methoxy group, 
three aromatic protons and a highly deshielded singlet at 
68.82 thus confirming it as the expected ortho quinonoid 
triazolobenzotriazepine (401). 
The successful conversion (Scheme 70) of the 
3-cyanotriazoloisoindolenine (327) into the 
triazoloisoindolenine-3-carboxamide (329) illustrates the 
stability of the triazoloisoindolenine nucleus to strong 
acid when an electron-withdrawing substituent is attached 
to the triazole ring. It was of interest therefore 
(Scheme 87) to attempt the similar preparation of the 
triazolobenzotriazepine-3-carboxamide (402) from the 
nitrile (400) using strong acid, without inducing cleavage 
of the triazolobenzotriazepine ring system of the latter. 
Consequently, an attempt was made to hydrolyse the 
3-cyano-1,2,3-triazolobenzotriazepine (400) to the amide 
(402) using concentrated sulphuric acid at room 
temperature. However, work up of the resulting reaction 
mixture gave no identifiable material. 
The 	failure 	of 	the 	3-cyano-1,2,3- 
triazolobenzotriazepine (400) to undergo demethylation 
under the conditions of its formation clearly shows that 
the substituent at C-3 of the 1,2,3-triazolo[5,1-c]benzo-
1,2,4-triazepine ring system has a profound effect on the 
properties of a triazolobenzotriazepine derivative. It 
was of interest therefore (Scheme 88) to examine the 
effect(s) of a variety of substituents at C-3 on the 
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properties of 1,2,3-triazolo[5,1-C]beflZO-1,2,4triaZePifle 
derivatives. Consequently, an attempt was made to 
condense the azide (363) with benzoylacetonitrile (403) in 
the presence of sodium ethoxide. However, work up of the 
reaction mixture gave only a quantitative recovery of the 
unreacted starting materials (363) and (403). The reason 
for the failure of the azide (363) to react with 
benzoylacetonitrile (403) is not clear, but may be due to 
the enhanced stability of the carbanion derived from the 
latter. 
An attempt was then made to condense the azide (363) 
with phenylsuiphonylacetonitrile (229a) in the presence of 
base. However, this reaction gave only a low yield (5%) 
of a solid product which was fully characterised as the 
aminotriazole (404a), as well as some of the unreacted 
acetonitrile starting material (229a). In addition, a low 
yield of an unidentified product was obtained whose 
molecular formula was identical to that of 
phenylsulphonylacetonitrile (229a) but this isomeric 
material was not further investigated. Due to the low 
yield of the aminotriazole (404a), it was decided not to 
examine its diazotative cyclisation. Instead, it was 
decided to investigate the influence of a phenyl group at 
position 4 of a 5-amino-l-benzyl-1H-1,2,3-triazole 
derivative on the intramolecular cyclisation of the 
diazonium salt of such a heterocycle, and to investigate 
the properties of the resulting 3-phenyl-1,2,3- 
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triazolobenzotriazepine derivative. Therefore, the azide 
(363) was condensed with benzyl cyanide (233a) in the 
presence of sodium methoxide to give a moderate yield of 
the aminotriazole (404b) which had analytical and 
spectroscopic properties in accord with its assigned 
structure. It was found that using two equivalents of 
both benzyl cyanide (233a) and the base sodium methoxide 
gave an improved yield of the aminotriazole (404b). It 
was also found that a better yield of the aminotraizole 
(404b) was obtained when the reaction mixture was heated 
for 3 hours rather than for 17 hours, probably due to 
gradual decomposition of the triazole over the longer 
period of heating. When the azide (363) was condensed 
with benzyl cyanide (233a) in the presence of sodium 
ethoxide rather than sodium methoxide, a moderate yield of 
the aminotriazole (404b) was obtained together with a 
solid product whose elemental analysis and mass spectrum 
showed it to have the molecular formula C 24H 23N 50. 
Examination of the 'H n.m.r. spectrum of this product 
showed signals due to a methoxy group, a benzyl group, 
three exchangeable hydrogens and fifteen protons in the 
aromatic region of the spectrum. An evaluation of this 
analytical and spectroscopic data led to the assignment of 
the enainine structure (405) to this by-product. The 
formation of the enamine derivative (405) can probably be 
attributed to condensation of the aminotriazole (404b) 
with the excess of benzylcyanide present in the reaction 
N(1) - N(2) 1.3192(20) C(8) - 0(8) 1.3625(19) 
C(1) -N(11) 1.3356(19) C(8) - C(9) 1.3835(21) 
N(2) - C(3) 1.3590(20) 0(8) -C(8M) 1.4339(21) 
C(3) -C(3a) 1.3914(21)  -C(9a) 1.3902(21) 
C(3) -C(1P) 1.4636(22) C(9a) -C(10) 1.5038(22) 
C(3a) - N(4) 1.3952(20).  -N(11) 1.4523(21) 
C(3a) -N(11) 1.3576(20) C(1P) -C(2P) 1.3941(23) 
 - N(5) 1.2741(20) C(1P) -C(6P) 1.3917(22) 
 -C(5a) 1.4253(20) C(2P) -C(3P) 1.3833(24) 
C(5a) - C(6) 1.3995(22) C(3P) -C(4P) 1.3784(25) 
C(5a) -C(9a) 1.4030(21) C(4P) -C(5P) 1.3743(25) 
C(6) - C(7) 1.3738(23) C(5P) -C(6P) 1.3829(24) 
C(7) - C(8) 1.3920(22) 
rable 14. 	Angles (decirees) and Torsion Angles (degrees) 
with Standard Deviations 
- N(1) 	-N(11) 	107.15(13) C(8) - 0(8) -C(8M) 117.87(13) 
N(1) 	- N(2) 	- C(3) 109.79(13) C(8) - C(9) -C(9a) 120.05(14) 
N(2) 	- C(3) 	-C(3a) 107.34(13) C(5a) -C(9a) - C(9) 119.84(14) 
N(2) 	- C(3) 	-C(1P) 121.00(14) C(5a) -C(9a) -C(10) 121.08(13) 
C(3a) - C(3) 	-C(1P) 131.55(14) C(9) -C(9a) -C(10) 118.92(13) 
C(3) 	-C(3a) - N(4) 	127.96(14) C(9a) -C(10) -N(11) 109.08(13) 
C(3) 	-C(3a) -N(11) 104.49(13) N(1) -N(11) -C(3a) 111.20(13) 
N(4) 	-C(3a) -N(11) 127.42(14) N(1) -N(11) -C(10) 121.82(13) 
C(3a) 	- N(4) 	- N(S) 	124.83(14) C(3a) -N(11) -C(10) 126.87(13) 
N(4) 	- N(5) 	-C(5a) 125.89(14) C(3) -C(1P) -C(2P) 119.89(14) 
N(5) 	-C(5a) - C(6) 	112.56(13) C(3) -C(1P) -C(6P) 121.87(14) 
N(S) 	-C(5a) -C(9a) 128.40(14) C(2P) -C(1P) -C(6P) 118.22(14) 
C(6) 	-C(5a) -C(9a) 118.96(14) C(1P) -C(2P) -C(3P) 120.60(15) 
C(5&) 	- C(6) 	- C(7) 	120.92(15) C(2P) -C(3P) -C(4P) 120.61(16) 
C(6) 	- - 119.62(15) C(3P) -C(4P) -C(5P) 119.17(16) 
C(7) 	- C(8) 	- 0(8) 	115.67(13) C(4P) -C(5P) -C(6P) 120.90(16) 
C(7) 	- C(8) 	- C(9) 120.50(14) C(1P) -C(6P) -C(5P) 120.48(15) 
0(8) 	- C(8) 	- C(9) 	123.79(14) 
N(11) - N(1) - N(2) - 	 C(3) 	1.71(17) N(S) -C(5a) -C(9a) -C(10) 	4.27(24 
N(2) - N(1) -N(11) -C(3a) -1.32(17) C(6) -C(5a) -C(9a) - C(9) 3.17(22 
N(2) - N(1) -N(11) -C(10) 	-177.82(13) C(6) -C(5a) -C(9a) -C(10) 	-172.28(14 
N(1) - N(2) - C(3) -C(3a) -1.48(17) C(5a) - C(6) - C(7) - C(8) 1.90(24 
N(1) - N(2) - C(3) -C(1P) 	-178.01(14) C(6) - C(7) - C(8) - 0(8) 	178.62(14 
N(2) - C(3) -C(3a) - N(4) 176.66(15) C(6) - C(7) - C(8) - C(9) 0.60(24 
N(2) - C(3) -C(3a) -N(11) 	0.63(17) C(7) - C(8) - 0(8) -C(8M) 	174.77(14 
C(1P) - C(3) -C(3a) - N(4) -7.3( 	3) C(9) - C(8) - 0(8) -C(8M) -7.28(22 
C(1P) - C(3) -C(3a) -N(11) 	176.66(16)  - C(8) - C(9) -C(9a) 	-1.17(23 
N(2) - C(3) -C(1P) -C(2P) 5.37(23) 0(8) - C(8) - C(9) -C(9a) 	-179.02(14 
N(2) - C(3) -C(1P) -C(6P) 	-176.16(15)  - C(9) -C(9a) -C(5a) 0.75(23 
C(3a) - C(3) -C(1P) -C(2P) 	-170.21(16) C(8) - .C(9) -C(9a) -C(10) 	174.80(14 
C(3a) - C(3) -C(1P) -C(6P) 8.3( 	3) C(5a) -C(9a) -C(10) -N(11) -55.67(19 
C(3) -C(.3a) - N(4) - N(S) 	151.08(16) C(9) -C(9a) -C(10) -N(11) 	128.83(15 
N(11) -C(3a) - N(4) - N(5) -33.77(25) C(9a) -C(10) -N(11) - N(1) 	-129.29(14 
C(3) -C(a) -N(11) - N(1) 	0.42(17) C(9a) -C(10) -N(11) -C(3a) 54.79(19 
C(3i -C(3a) -N(11) -C(10) 176.69(14) C(3) -C(1P) -C(2P) -C(3P) 	177.61(15 
N(4 -C(3a) -N(11) - N(1) 	-175.65(14) C(6P) -C(1P) -C(2P) -C(3P) -0.92(24 
N(4 -C(3a) -N(11) -C(10) 0.64(25) C(3) -C(1P) -C(6P) -C(5P) 	-178.15(15 
C(3a - N(4) - N(5) -C(5a) 	-1.68(25) C(2P) -C(1P) -C(6P) -C(5P) 0.35(24 
N(4 - N(5) -C(5a) - C(6) 	-150.31(15) C(1P) -C(2P) -C(3P) -C(4P) 	0.2( 	3) 
N(4 - N(5) -C(5a) -C(9a) 33.0( 	3) C(2P) -C(3P) -C(4P) -C(5P) 1.2( 	3) 
N(5 -C(5a) - C(6) - C(7) 	179.15(14) C(3P) -C(4P) -C(5P) -C(6P) 	-1.7( 	3) 
C(9a -C(5a) - C(6) - C(7) -3.78(23) C(4P) -C(5P) -C(6P) -C(1P) 1.0( 	3) 




mixture, and subsequent tautomerism of the resulting 
imine. The existence of the enamine (405) as its imino 
tautomer can be ruled out, at least in the solution phase, 
by the presence of only two benzylic-type protons in its 
1 H n.m.r. spectrum. The aminotriazole (404b) was then 
diazotised in glacial acetic acid containing aqueous 
sulphuric acid to give a reasonable yield of a product 
whose elemental analysis and mass spectrum showed it to 
have the molecular formula C 16H 13N 50. The 111 n.m.r. 
spectrum of this product was in full accord with the 
8-methoxy-3-phenyl-1, 2, 3-triazolobenzotriazepine structure 
which was fully confirmed by X-ray analysis (see 
Figure 9 and Tables 13 and 14). Also obtained from the 
diazotisation of the aniinotriazole (404b) under dilute 
acid conditions was a low yield of the deaminated triazole 
which 	was 	characterised 	analytically 	and 
spectroscopically. The aminotriazole (404b) was also 
diazotised in glacial acetic acid containing concentrated 
sulphuric acid and gave a high yield of the 8-methoxy-3-
phenyl-1,2,3-triazolobenzotriazepine (406). 
It has been discussed previously (see Scheme 79, 
page 269) that diazotisation of the aminotriazole ester 
(364) gives only a low yield of the 
triazolobenzotriazepine ester (365) under dilute acid 
conditions. It has also been shown (see Scheme 86, 
page 286) 	that 	diazotisation 	of 	the 	5-amino-4- 
cyanotriazole (398) under dilute acid conditions does not 
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give any of the 3-cyano-1,2,3-triazolobenzotriazepine 
(400). 	In contrast, diazotisation of the 5-amino-4- 
phenyl-1H-1,2,3-triazole 	(404b) 	under 	dilute 	acid 
conditions gives a moderate yield of the 
triazolobenzotriazepine (406). As it is known ?6 that a 
cyano group is more electron-withdrawing than an ester 
group, and the latter is more electron-withdrawing than a 
phenyl ring, which exerts only a small -I inductive 
effect, these results can probably be explained on the 
basis of the relative stability of the diazonium 
intermediates in these intramolecular cyclisations. It 
would be predicted therefore, that the diazonium salt 
generated from the 5-amino-4-cyanotriazole (398) would be 
much less stable than the diazonium salt generated from 
the aminotriazole ester (364) or the 4-phenyl-5-
aminotriazole (404b) due to destabilisation of the 
diazonium species from the cyanotriazole (398) by the 
electron-withdrawing cyano group. Consequently, it is 
unsurprising that diazotative cyclisation of the 
phenyltriazole (404b) is relatively efficient, that of the 
triazole ester (364) is inefficient and that of the 
cyanotriazole (398) is inhibited, under dilute acid 
conditions. However, under concentrated acid conditions, 
the diazonium salts generated from all three of these 
aminotriazoles are stabilised by the strong reaction 
conditions, and thus have the opportunity to cyclise 
before decomposition. 
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As discussed before, diazotative cyclisation (Scheme 
80) of the aminotriazole ester (364) under strong acid 
conditions results in demethylation to afford the 
quinone-imine (373), while diazotative cyclisation (Scheme 
87) of the 4-cyano-5-aminotriazole (398) affords the 
8-methoxy-1, 2, 3-triazolobenzotriazepine (400) under 
identical reaction conditions, without any apparent 
dealkylation of the latter. It is interesting to note 
therefore that diazotisation 	(Scheme 88) 	of the 
4-phenyl-5-aminotriazole 	(404b) 	under 	strong 	acid 
conditions 	affords 	the 	8-methoxy-1, 2,3- 
triazolobenzotriazepine (406) with no dealkylation of the 
latter being observed. It has been previously proposed 
(see page 287) 	that demethylation of the ethyl 
8-methoxy-1, 2, 3-triazolobenzotriazepine-3-carboxylate 
(365) is due to the destabilisation of the N(4)-N(5) 
double bond of the latter, by the ester group at C-3. It 
has also been suggested that the dealkylation of the 
triazolobenzotriazepine (365) occurs by one of two 
possible mechanisms outlined in Scheme 80, and that the 
cyanotriazolobenzotriazepine (400) is prevented from 
undergoing dealkylation, despite the destabilising effect 
of the N(4)-N(5) double bond of the latter, because the 
basicity of N-4 and the methoxy group at C-8 is lowered by 
the powerful electron withdrawing cyano group at C-3. 
Therefore, formation of analogues of the conjugate acids 
(370) and/or (372) is inhibited. It is unsurprising that 
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diazotative cyclisation of the 4-phenyl-5-aminotriazole 
(404b) under dilute acid conditions does not result in 
dealkylation of the triazolobenzotriazepine product (406) 
as the triazolobenzotriazepine ester (365) only undergoes 
dealkylation under strong acid conditions. However it 
might be expected that diazotisation of the aminotriazole 
(404b) in the presence of concentrated sulphuric acid 
would result in diazotative cyclisation and concomitant 
demethylation of the triazolobenzotriazepine (406). It 
would be predicted, on the basis of the relative 
electron-withdrawing power of cyano and phenyl groups, 
that the basicity of N-4 and the oxygen atom of the 
methoxy group of the 3-phenyl-1,2,3-
triazolobenzotriazepine (406) would be a good deal greater 
than the corresponding centres of the 3-cyano-1,2,3-
triazolobenzotriazepine (400). The failure of the 
3-phenyl-1,2,3-triazolobenzotriazePifle (406) to undergo 
demethylation must therefore be due to some other reason. 
A possible explanation for this failure of the 
triazolobenzotriazepine (406) to undergo dealkylation 
could be that the N(4)-N(5) double bond is relatively 
stable, as a phenyl group exerts only a slight -I 
inductive effect and thus the driving force offsetting the 
loss of the aromaticity of the benzene ring of the 
triazolobenzotriazepine (406) is absent in the case of 
this molecule. 
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The ability (Scheme 87) of the 3-cyano-1,2,3-
triazolobenzotriazepine (400) to undergo base-catalysed 
tautomerism to afford the ortho-quinonoid structure (401) 
has already been described. It was of interest therefore 
(Scheme 88) to attempt the base-catalysed tautomerism of 
the 3-phenyl-1,2,3-triazolobenzotriazepine (406) to afford 
the ortho-quinonoid structure (408). However, the 
attempted reaction of the triazolobenzotriazepine (406) 
with dilute sodium hydroxide in ethanol gave only a 
moderate recovery of the unreacted starting material 
together with an intractable gum. The failure of the 
triazolobenzotriazepine (406) to undergo base-catalysed 
tautomerism is possibly due to the N(4)-N(5) double bond 
not destabilising the molecule to a degree sufficient to 
offset the disruption of the aromaticity of the benzene 
ring, and thus a driving force for the formation of the 
ortho-quinonoid structure (408) is lacking in the molecule 
(406). 
It was next decided to attempt the acid-catalysed 
cleavage of the triazole ring of the 3-phenyl--1,2,3-
triazolobenzotriazepine (406). However, an attempt to 
prepare the a-acetoxybenzylbenzotriazepine (409a) from the 
triazolobenzotriazepine (406) by heating the latter in 
glacial acetic acid gave only the unreacted starting 
material (406). The attempted reaction of the 
triazolobenzotriazepine 	(406) 	with 	a 	solution 	of 
concentrated hydrochloric acid in glacial acetic acid gave 
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only an intractable gum, while the attempted reaction of 
the triazolobenzotriazepine (406) with ethanol in the 
presence of perchioric acid also gave only the unreacted 
starting material. The failure of the 
triazoloenzotriazepine (406) to undergo acid-catalysed 
triazole scission can possibly be attributed to the 
predicted cleavage products (409a-c) containing only a 
benzene ring and a non-aromatic 1,2,4-triazepine ring, 
whereas the tricyclic derivative (406) contains aromatic 
benzene and triazole rings. Therefore, the 
bridgehead-fused 1,2,3-triazole derivative (406) is more 
stable than the cleavage product and a driving force for 
triazole scission of the former is absent from this 
molecule. 
Due to the difficulty encountered in the attempted 
heterolytic cleavage of the 3-phenyl-1,2,3-
triazolobenzotriazepine (406), it was decided to examine 
the homolytic cleavage of the latter. Consequently, a 
solution of the triazolobenzotriazepine (406) in 
ethyleneglycol dimethylether was irradiated in a quartz 
cell with a mercury vapour lamp. However, this attempted 
reaction gave only the unreacted starting material (406). 
As diazotisation of 5-amino-1-(3-methoxybenzyl) -1H-
l,2,3-triazole derivatives can give either 
triazoloisoinolenines 	or 	triazolobenzotriazepine 
derivatives, it was of interest to examine the diazotative 
cyclisation reactions of 5-amino-1-(4-methoxybenzyl) -1H- 
CO2Et 
	















NN (•• 	 + 
- 02Et 
C— NN 
MeO ' < 	 I CN 
CO2 Et 
OMe 
(412) 	 (414) 	 (415) 
+ 
(413) 
NaOEt,EtOH, 20° then reflux. 
NaNO2, 2M H 2SO4,AcOH,H 20, 00. 
NaNO2 ,H 2SO4(conc.),AcOH,H 20, 00. 
Scheme 89 
300 
1,2,3-triazole derivatives. 	Therefore (Scheme 89), the 
azide (410) was condensed with ethyl cyanoacetate (202) in 
the presence of sodium ethoxide, to give a moderate yield 
of the aminotriazole (411) whose properties were fully 
consistent with its assigned structure. The aminotriazole 
(411) was then diaztoised in glacial acetic acid 
containing 2M aqueous sulphuric acid to give a reasonable 
yield (39%) of a product whose elemental analysis and mass 
spectrum showed it to have the molecular formula 
C 13H 13N 30 3 . An examination of the 'H n.m.r. spectrum of 
this product showed the triplet-quartet signals 
characteristic of an ethoxy group, signals due to a 
methoxy group and a benzyl group and three aromatic 
protons, thus confirming it as the triazoloisoindolenine 
(413). Also obtained in the diazotisation of the 
aminotriazole (411) under dilute acid conditions was a 
moderate yield of a solid which was fully characterised as 
the deaminated triazole (412). The yield (39%) of the 
triazoloisonidolenine (413) is consistent with what one 
would expect, since the site of the phenyl ring which 
reacts with the triazolyl cation, generated on 
diazotisation of the aminotriazole (411), is only slightly 
more activated by the methoxy group than the corresponding 
site of the phenyl ring of ethyl 5-amino-l-benzyl-lH-
1,2,3-triazole-4-carboxylate (311). The latter undergoes 
diazotative cyclisation in 33% yield, under dilute acid 
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cyclisation of the 3-methylbenzyl- and 3-methoxybenzyl-5-
aminotriazoles, (359) and (364) respectively, occurs quite 
readily under dilute acid conditions due to activation of 
the site of the phenyl ring of these heterocycles at which 
the triazolyl cation centre reacts. It was then decided 
to examine the diazotative cyclisation of the. 
aminotriazole (411) under strong acid conditions. 
Therefore, the aminotriazole (411) was diazotised in 
glacial acetic acid containing concentrated sulphuric acid 
to give a good yield of an oil whose i.r. and 1 H n.m.r. 
spectra were indistinguishable from spectra of an 
authentic sample of 4-methoxybenzaldehyde (414). Also 
obtained from the diazotisation reaction of the 
aminotriazole (411) under strong acid conditions was an 
unstable solid whose mass spectrum showed a parent ion at 
m/z (Elms), 139.0386 (M), which is consistent with the 
molecular formula C 5H 5N 30 2 . The i.r. spectrum of this 
product showed a diazo band at 2200 cm -1 and its 1 H n.m.r. 
spectrum contained only the triplet-quartet signals 
characteristic of an ethoxy group. Consideration of this 
spectroscopic data led to the tentative assignment of the 
diazo structure (415) to this product, and a mechanism for 
its formation is outlined in Scheme 90. It is proposed 
that triazole ring-opening of the diazonium salt (416) 
would afford the betaine (418) and the latter could then 
give the nitrilium species (417) by extrusion of molecular 
nitrogen. Subsequent solvolysis of the nitrilium species 
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would then lead to the diazo betaine (415) together 
with 4-methoxybenzyl alcohol (419). 	Oxidation of the 
latter under the reaction conditions would account for the 
formulation of the aldehyde (414). This mechanism is a 
tentative proposal and it must be emphasised that no 
evidence to support such a mechanism has been obtained. 
The anomalous behaviour of the 5-amino-1-(4-
methoxybenzyl)-1H-1, 2, 3-triazole (411) compared to other 
5-amino-1-benzyl-1H-1, 2, 3-triazole derivatives can 
possibly be attributed to the better leaving group 
capacity of the 4-methoxybenzyl function 6 compared with 
the benzyl substituents in the other aminotriazoles 
subjected to diazotative cyclisation. A possible 
explanation for the formation of the diazonium betaine 
and 4-methoxybenzaldehyde (414) under strong acid 
conditions, but not under dilute acid conditions, could be 
that under dilute acid conditions the diazonium cation 
would rapidly decompose to generate a triazolyl 
cation which would be highly unstable and therefore would 
be immediately trapped. 	However, generation of the 
diazonium cation (416) under strongly acidic conditions 
would enhance its stability and thus triazole ring opening 
of the diazonium cation (416) would have the opportunity 
to take place before extrusion of molecular nitrogen. It 
is highly unlikely, if the nitrilium cation (417) is 
involved in the formation of the diazonium betaine (415), 
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position. It might be predicted that solvolysis at the 
asterisked carbon atom in the nitrilium cation (417) would 
be at least as likely as displacement of the benzyl group 
from the nitrogen atom of the latter. However no products 
derived by solvolysis at the asterisked carbon atom of the 
nitrilium ion (417) were isolated. 
It has been discussed previously in Chapter 2 (see 
Section 2.2) that diazotisation of 5-amino-l-phenyl-
1H-1,2,3-triazole derivatives containing an electron 
donating substituent meta to the position of coupling 
results in intramolecular cyclisation to unstable angular 
1,2,3-triazolo[5,1-c]benzo-1,2,4-triazine products, which 
undergo Dimroth rearrangement 38 to afford the 
corresponding 	linear 	1,2, 3-triazolo[1, 5-b]benzo-1, 2,4- 
triazine derivatives. It was of interest therefore to 
determine whether diazotisation of 5-amino-1-benzyl-1H-
1,2,3-triazole derivatives with an electron donating 
substituent meta to the site of coupling would afford a 
similarly unstable angular triazolobenzotriazepine 
product. Consequently (Scheme 91), the 3,4-
dimethoxybenzyl chloride (420a) was prepared from the 
corresponding benzyl alcohol using gaseous hydrogen 
chloride and then converted into the azide (420b) using 
sodium azide. The azide (420b) was then condensed with 
ethyl cyanoacetate (202) in the presence of sodium 
ethoxide to give the aininotriazole (421), which was fully 
characterised analytically and spectroscopically. In 
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addition, an acidic solid was obtained from this 
condensation whose elemental analysis and mass spectrum 
showed it to have the molecular formula C, 4H, 8N 40 4 . The 
'H n.m.r. spectrum of this acidic by-product showed 
signals due to two methoxy groups, a benzyl group, three 
aromatic protons, and two exchangeable protons thus 
confirming it as the aminotriazole carboxylic acid (422). 
The aminotriazole-ester (421) was then diazotised in 
glacial acetic acid containing 2M aqueous sulphuric acid 
to give a low yield of a solid which analysed correctly 
and had spectroscopic properties consistent with the 
deaminated triazole structure (423). However, when the 
aminotriazole ester (421) was diazotised under 
concentrated acid conditions, a high yield of a product 
was obtained whose elemental analysis and mass spectrum 
showed it to have the molecular formula C, 3H 13N 50 4 . The 
'H n.m.r. spectrum of this product showed proton signals 
characteristic of an ethyl ester group, one methoxy group, 
and a benzyl group as well as two aromatic protons and one 
exchangeable proton at 67.25. This analytical and 
spectroscopic data was consistent with the quinone-imine 
structure (424) for the product. However, the available 
evidence did not exclude the possibility that the product 
was the phenolic tautomer of the latter, or a 
triazolobenzotriazepine product in which dealkylation of 
the methoxy group at C-7 rather than that at C-8 had taken 
place. It would appear highly unlikely however that 
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dealkylation 	of 	a 	7,8-dimethoxy-1,2,3- 
triazolobenzotriazepine ester would take place 
preferentially at the C-7 methoxy group as this would 
still leave the destabilising N(4)-N(5) double bond 
intact. It appears probable therefore that diazotisation 
of the aminotriazole ester (421).. gives either the 
quinone-imine (424) or its phenolic tautomer and the 
latter structure was later excluded (see page 308) by 
X-ray analysis of an analogous triazolobenzotriazepine 
derivative. 
As 	diazotisation 	of 	the 	5-amino-l-(3,4- 
dimethoxybenzyl)-lH-1, 2, 3-triazole (421) under 
concentrated acid conditions gives the quinone-iinine 
(424), it was of interest (Scheme 92) to investigate the 
diazotative cyclisation of the aminotriazole (426) under 
identical conditions because intramolecular cyclisation of 
the diazonium cation generated from the latter, and 
subsequent dealkylation at C-8 could also afford the 
quinone-imine (424). Therefore, the benzyl chloride 
(425a) was prepared from 3,4-inethylenedioxybenzyl alcohol 
and then converted into the azide (425b) by reaction with 
sodium azide. The azide (425b) was then condensed with 
ethyl cyanoacetate (202) in the presence of sodium 
ethoxide to give the aminotriazole (426) which was fully 
characterised analytically and spectroscopically. 
Diazotisation of the aminotriazole (426) under dilute acid 
conditions gave a high yield of a solid product whose 





















(I) NaOEt,EtOH, 20 then reflux. 
NaNO2 , 2M H2SO4 ,AcOH,H20, 00 
NaNO2,H 2SO4(COriC.),ACOH,H 20, 00 . 
H2SO4(conc.),ACOH,H 20, 0°. 
Scheme 93 
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elemental analysis and mass spectrum showed it to have the 
molecular formula C, 3H 11 N 30 4 . The 'H n.m.r. spectrum of 
this product contained the triplet-quartet signals 
characteristic of an ethyl ester group, signals due to two 
highly deshielded CH 2 groups and two, one proton singlets, 
at 67.31 and 67.54, thus leading to its identification as 
the triazoloisoindolenine (428). In addition, 
diazotisation of the aminotriazole (426) under dilute acid 
conditions gave a low yield of the deaminated triazole 
(427) which gave analytical and spectroscopic data 
consistent with its assigned structure. The aminotriazole 
was then diazotised in glacial acetic acid 
containing concentrated sulphuric acid. 	However this 
reaction gave only a low yield of the deaminated triazole 
 
Due to the difference shown in the reactivity of the 
3, 4-dimethoxybenzyl- and 3, 4-methylenedioxybenzyl-5-
aminotriazoles, (421) and (426) respectively, towards 
diazotative cyclisation, it was decided to examine the 
diazotative cyclisation of a trimethoxybenzyl-5- 
aminotriazole derivative. Therefore (Scheme 93), the 
azide (429) was condensed with ethyl cyanoacetate (202) in 
the presence of sodium ethoxide to give a good yield of 
the aminotriazole (430) which was fully characterised 
analytically and spectroscopically. The aminotriazole 
(430) was then diazotised under dilute acid conditions to 
give a high yield of a product whose elemental analysis 
	
N(1) 	- N(2) 	1.302(14) 
-N(11) 1.382(13) 
- C(3) 	1.358(15) 
C(3) 	-C(31) 1.445(17) 
C(3) 	-C(3') 	1.403(16) 
C(31) 	-0(31) 1.203(15) 
-0(32) 	1.352(14) 
0(32) 	-C(32) 1.481(13) 
-C(33) 	1.520(16) 
C(3') 	- N(4) 1.366(14) 
C(3') 	-N(11) 	1.330(14) 
- N(5) 1.356(12) 
-C(5') 	1.299(14) 
16. Angles (degrees) and Torsion 
C(S') 	- C(6) 	1.467(15) 
C(5') 	-C(9') 1.490(15) 
C(6) 	- 0(6) 	1.340(12) 
- C(7) 1.349(16) 
0(6) 	-C(6M) 	1.406(14) 
- 0(7) 1.363(14) 
C(7) 	- C(8) 	1.469(16) 
0(7) 	-C(7M) 1.446(14) 
C(8) 	- 0(8) 	1.227(13) 
C(8) 	- C(9) 1.453(15) 
C(9) 	-C(9') 	1.330(15) 
C(9') 	-C(10) 1.522(15) 
C(10) 	-N(11) 	1.447(14) 
Angles (degrees) with Standard 
tions 
1 (2) 	- N(1) 	-N(11) 	107.8( 	9) C(5 1 ) - C(6) - C(7) 122.2(10) 
N(1) 	- N(2) 	- C(3) 109.1( 	9) 0(6) - C(6) - C(7) 121.5(10) 
- C(3) 	-C(31) 	125.9(10) C(6) - 0(6) -C(6M) 118.7( 8) 
N(2) 	- C(3) 	-C(3 1 ) 108.1(10) C(6) - C(7) - 0(7) 118.8(10) 
(31) 	- C(3) 	-C(3') 	125.6(11)  - C(7) - C(8) 120.7(10) 
(3) 	-C(31) 	-0(31) 124.3(11) 0(7) - C(7) - C(8) 120.1(10) 
(3) 	-C(31) 	-0(32) 	112.4(10)  - 0(7) -C(7M) 116.8( 8) 
D(31) 	-C(31) 	-0(32) 123.3(11) C(7) - C(8) - 0(8) 120.4(10) 
:(31) 	-0(32) 	-C(32) 	116.3( 	8) C(7) - C(8) - C(9) 117.3(10) 
)(32) 	-C(32) 	-C(33) 109.7( 	9) 0(8) - C(8) - C(9) 121.9(10) 
(3) 	-C(3 1 ) 	 - N(4) 	128.7(10) C(8) - C(9) -C(9 1 ) 122.5(10) 
-C(3 1 ) 	 -N(11) 105.0(10) C(S') -C(9 1 ) - C(9) 121.2(10) 
-C(3 1 ) 	 -N(11) 	126.3(10) C(5 1 ) -C(9 1 ) -C(10) 119.1(9) 
- N(4) 	- N(5) 129.1( 	9) C(9) -C(9 1 ) -C(10) 118.9( 9) 
(4) 	- N(5) 	-C(5 1 ) 	127.8( 	9) C(9 1 ) -C(10) -N(11) 110.8( 9) 
(5) 	-C(5 1 ) 	 - 	C(6) 113.3( 	9) N(1) -N(11) -C(3 1 ) 110.0( 9) 
(5) 	-C(5 1 ) 	 -C(9 1 ) 	 130.3(10) N(1) -N(11) -C(10) 120.2(8) 
(6) 	- C(6) 	-C(9 1 ) 115.9( 	9) C(3') -N(11) -C(10) 127.5( 9) 
- C(6) 	- 0(6) 	116.3( 	9) 
- N(1) 	- N(2) 	- C(3) 	0.6(12) C(9 1 ) -C(5 1 ) - C(6) - 0(6) -175.5( 	9) 
- N(1) 	-N(11) 	-C(3') -1.1(12) C(9 1 ) -C(5 1 ) - C(6) - C(7) 5.8(15) 
- N(1) 	-N(11) 	-C(10) 	163.2( 	9) N(5) -C(5 1 ) -C(9 1 ) - C(9) 166.8(11) 
- N(2) 	- C(3) 	-C(31) 	-173.6(11) N(5) -C(5 1 ) -C(9 1 ) -C(10) -23.8(17) 
- N(2) 	- C(3) 	-C(3 1 ) 0.1(13) C(6) -C(5 1 ) -C(9 1 ) - C(9) -4.3(15) 
- C(3) 	-C(31) 	-0(31) 	-179.9(11)  -C(5 1 ) -C(9 1 ) -C(10) 165.1( 	9) 
- C(3) 	-C(31) 	-0(32) 2.2(17) C(5 1 ) - 	C(6) - 0(6) -C(6M) -109.8(11) 
- C(3) 	-C(31) 	-0(31) 	7.5(20)  - C(6) - 0(6) -C(6M) 69.0(14) 
- C(3) 	-C(31) 	-0(32) 	-170.4(11) C(5 1 ) - C(6) - C(7) - 0(7) -177.4( 	9) 
- C(3) 	-C(3 1 ) 	 - N(4) 177.9(11) C(5 1 ) - 	C(6) - C(7) - C(8) -4.5(17) 
- C(3) 	-C(3 1 ) 	 -N(11) 	-0.7(12) 0(6) - C(6) - C(7) - 0(7) 3.9(16) 
- C(3) 	-C(3 1 ) 	 - N(4) -8.4(20) 0(6) - 	C(6) - C(7) - C(8) 176.8(10) 
- C(3) 	-C(3 1 ) 	 -N(11) 	173.0(11) C(6) - C(7) - 0(7) -C(7M) -133.2(11) 
-C(31) 	-0(32) 	-C(32) 175.6( 	9)  - C(7) - 0(7) -C(7M) 53.9(13) 
-C(31) 	-0(32) 	-C(32) 	-2.3(16) C(6) - C(7) - C(8) - 0(8) -170.7(11) 
-0(32) 	-C(32) 	-C(33) 85.6(11)  - 	C(7) - C(8) - C(9) 1.6(16) 
-C(3 1 ) 	 - N(4) 	- N(5) 	-156.4(11) 0(7) - 	C(7) - C(8) - 0(8) 2.0(16) 
-C(3') 	- N(4) 	- N(5) 22.0(18) 0(7) - 	C(7) - C(8) - C(9) 174.3( 	9) 
-C(3 1 ) 	 -N(11) 	- N(l) 	1.1(12)  - 	C(8) - C(9) -C(9 1 ) -0.2(16) 
-C(3 1 ) 	 -N(11) 	-C(10) 	-161.8(10) 0(8) - 	C(8) - C(9) -C(9 1 ) 172.0(11) 
-C(3 1 ) 	 -N(11) 	- N(1) 	-177.6(10)  - 	C(9) -C(9 1 ) - C(5) 1.7(16) 
-C(3 1 ) 	-N(11) 	-C(10) 19.5(18) C(8) - 	C(9) -C(9 1 ) -C(10) -167.7(10) 
- N(4) 	- N(5) 	-C(5 1 ) 	-15.4(17) C(5 1 ) -C(9 1 ) -C(10) -N(11) 56.9(12) 
- N(5) 	-C(5 1 ) 	- C(6) 	172.2( 	9) C(9) -C(9 1 ) -C(10) -N(11) -133.4(10) 
- N(5) 	-C(S') 	-C(9 1 ) 0.9(18) C(9') -C(10) -N(11) - N(l) 137.3( 	9) 
-C(5 1 ) 	- C(6) 	- 0(6) 	12.0(13) 
-C(5 1 ) 	- C(6) 	- C(7) 	-166.8(10) 
111*-1-w 




and mass spectrum showed it to have the molecular formula 
C 15H 12 N 5 0 5 . The 1 H n.m.r. spectrum of this product 
contained the triplet-quartet signals characteristic of an 
ethoxy group, signals due to three methoxy groups and a 
benzyl group and a signal due to a single aromatic proton. 
Consideration of this analytical and spectroscopic 
data led to the assignment of the trimethoxytriazolo 
benzotriazepine structure (431) to the product. The 
aminotriazole (430) was then diazotised under concentrated 
acid conditions to give a low yield of the 
triazolobenzotriazepine (430). However, the major product 
from the diazotisation of the aminotriazole (430) under 
concentrated acid conditions was an acidic solid whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 14H 15N 5 0 5 . The 1 H n.m.r. spectrum of 
this product showed signals due to an ethyl ester group, 
two methoxy groups, a benzyl group and only one aromatic 
proton showing it to be the quinone-imine (432). This 
structural assignment was fully confirmed by X-ray 
analysis (see Figure 10 and Tables 15 and 16). A 
comparison (Table 17) - of the u.v. spectrum of the 
quinone-imine (432) with the u.v. spectrum of the 
tentatively assigned quinone-imine structure (373) shows 
excellent correlation. It can be seen from Table 17 that 
the ultraviolet spectrum of the quinone-imine (373) shows 
four bands and this is consistent with the u.v. spectrum 
of the quinone-ixnine (432) which also shows four bands. 
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Table 17: 	Ultraviolet Absorption* of 12 .3-Triazolo 




R 9 Ct,4r,,-  R' 
(A)  
NZN 
ac0 2Et RIIXIII 
R' 
(B) 
Compound R R' 
	
Xmax (log Emax) 
(432) () OMe 	OMe 	212(4.2) 260(3.9) 285(3.6) 	400(4.0) 
(373) (s.) H 	H 	207(4.2) 260(3.9) 280(3.6) 	375(4.0) 
(431) () OMe 	OMe 	216(4.1) 263(3.8) 370(3.8) 
(365) () H 	H 	208(3.9) 255(3.7) 366(3.9) 
(*wavelength of absorption maxima in nm measured for 
samples in absolute ethanol). 
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In contrast (Table 17), the u.v. spectrum of the 
trimethoxytriazolobenzotriazepine (431) shows only three 
bands as does the u.v. spectrum of the 8-methoxy-1,2,3-
triazolobenzotriazepine ester (365). This therefore 
strongly suggests that diazotisation (Scheme 80) of the 
aminotriazole (364) gives the quinone-imine (373) and not 
its phenolic tautomer (374), because the u.v. spectrum of 
the latter would be expected to be similar to the spectrum 
of the methyl ether (365) and should show only three 
bands. As diazotisation of the aminotriazole (364) gives 
the quinone-imine (373), it seems likely that the similar 
diazotisation (Scheme 91) of the aminotriazole (421) gives 
the quinone-imine (424) and not is phenolic tautomer. 
It has been discussed previously (see page 274) that 
reaction (Scheme 83) of the quinone-imine (373) with 
methanol in the presence of concentrated hydrochloric acid 
gives the methyl ether (365). Subsequent reaction of the 
methyl ether (365) with strong acid can result in 
demethylation of the latter to afford the quinone-imine 
(373). It was of interest therefore (Scheme 93) to 
investigate if the trimethoxy-1,2,3-
triazolobenzotriazepine (431) could be dealkylated to 
afford the quinone-imine (432) without any concomitant 
dealkylation of the methoxy groups at C-6 and C-7. 
Consequently, the trimethoxy compound (431) was stirred in 
a strongly acidic reaction mixture identical to that used 
for the diazotative formation of the quinone-imine (432) 
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from the aminotriazole (430), except for the absence of 
any sodium nitrite. This reaction gave a good yield of a 
solid whose 1 H n.m.r. spectrum showed it to be a 2:1 
mixture of the quinone-imine (432) and the trimethoxy-
1,2, 3-triazolobenzotriazepine starting material (431). 
The formation of the quinone-imine (432) from the 
triniethyl ether (431) under strongly acidic conditions 
shows that the diazotative cyclisation of the 
aminotriazole (430) under strong acid conditions probably 
affords as initial product the trimethyl ether (431), 
which then undergoes dealkylation to afford the 
quinone-imine (432), rather than involving dealkylation 
before diazotative cyclisation takes place. The reaction 
of the trimethyl ether to give exclusively the 
quinone-imine (432) also emphasises the selectivity of the 
demethylation process. This specificity in the 
dealkylation of the trimethoxytriazolobenzotriazepine 
(431) can possibly be attributed to the fact that 
dealkylation at C-6 would result in the formation of an 
ortho quinonoid structure which is a good deal less stable 
than the para quinonoid structure of the quinone-imine 
(432). In addition, if demethylation of the methoxy group 
at C-7 of the trimethoxy-1,2,3--triazolobenzotriazepine 
(431) occurred, the destabilising effect of the N(4)-N(5) 
double bond would not be relieved. Consequently, the 
trimethoxy-1, 2,3- triazolobenzotriazepine (431) undergoes 
selective demethylation of the methoxy group at C-8. 
CO2Et 
(I) N 
+ CH2 - 
0' UN IZIJT1 NH2 
(433) (202) (434) 
(435) 
(i) NaOEt,EtOH, 20D  then reflux. 
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3.3 	STUDIES OF HETEROCYCLISATION REACTIONS BASED ON 
DIAZOTATIVE TRANSFORMATIONS OF MISCELLANEOUS 
5-MIINO-1-ARYLMETHYL-1H-1, 2 ,3-TRIAZOLE 
DERIVATIVES 
It has been discussed previously in Chapter 3, Section 
3.2, that 5-amino-1-benzyl-1H-1, 2, 3-triazoles can undergo 
diazotative cyclisation to afford triazoloisoindolenine 
derivatives. However, it has also been shown that 
attempts to induce acid-catalysed triazole scission of the 
triazoloisoindolenine derivatives which were prepared gave 
either no reaction or resulted in oligomerisation and/or 
polymerisation. It is well known 90 that functional isation 
of C-i of isoindole derivatives results in an increase in 
the stability of the isoindole ring system. It was of 
interest therefore to examine the acid-catalysed cleavage 
of C-8 functionalised triazoloisoindolenine derivatives 
because the resulting C-1 isoindolenine product could be 
stabilised to a sufficient degree towards oligomerisation 
and polymerisation to be isolated and characterised. 
Consequently (Scheme 94), the azide (433) was condensed 
with ethyl cyanoacetate (202), in the presence of sodium 
ethoxide, to give the aminotriazole (434) which was fully 
characterised analytically and spectroscopically. It was 
anticipated that diazotisation of the aminotriazole (434) 
would afford the triazoloisoindolenine (435) and that the 
latter would undergo acid-catalysed triazole scission, 






 H 2  
+ CN 	
q 
I A - 
0O2Et NH 






(i) NaOEt,EtOH, 20° then reflux. 
Scheme 95 
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stabilised by the presence of the C-i phenyl group. 
However, the yield (1%) of the aminotriazole (434) from 
the reaction of the azide (433) with ethyl cyanoacetate 
(202) was so low as to make investigation of the 
diazotative cyclisation of the aminotriazole (434) 
impractical. Therefore (Scheme 95), an attempt was made 
to condense the azide (436) with ethyl cyanoacetate in the 
presence of base in anticipation of the formation of the 
aminotriazole (437). It was hoped that diazotative 
cyclisation of the aminotriazole would afford the 
pentacyclic species (438) and that the latter would 
undergo acid-catalysed triazole cleavage to give a 
characterisable fused isoindolenine product. However, the 
attempted condensation of the azide (436) with ethyl 
cyanoacetate (202) gave only a multi-component gum which 
yielded no identifiable material. 
It has been shown in Section 3.2 that diazotisation of 
5-amino-l-benzyl-1H-1, 2, 3-triazole derivatives can result 
in intramolecular cyclisation to form a five membered ring 
(i.e. a triazoloisoindolenine derivative). It was 
therefore decided (Scheme 96) to attempt to prepare the 
aminotriazole (440) as diazotative cyclisation of the 
latter could result in intramolecular cyclisation to form 
a six membered ring [i.e. the triazoloisoquinoline 
derivative (441)]. However, attempts to prepare the 
aminotriazole 	(440) 	from 	the 	azide 	(439) 	and 
N,N-dimethylcyanoacetamide (229b) in the presence of 
?ONMe2 	(I) or (ii) Cr"**')N3 	I +  
UN 
(439) 	 (229b) 





(ii) NaOMe,MeOH,Et20, 20° 
Scheme 96 
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sodium methoxide in methanol at ref lux or in methanol and 
ether at room temperature gave no characterisable 
material. Due to the difficulties encountered in the 
preparation of the aminotriazole (440), it was decided 
(Scheme 97) to examine the diazotative cyclisation of the 
5-amino-l-naphlylmethyl-1H-1, 2, 3-triazole 	derivative 
(443a). 	It was anticipated that diazotisation of the 
aminotriazole (443a) could result in intramolecular 
cyclisation to form either a 5 or a 6 membered ring, and 
it was of interest to determine which ring size was 
favoured. Therefore, the azide (442) was condensed with 
ethyl cyanoacetate (202) in the presence of sodium 
ethoxide to give a moderate yield of the aminotriazole 
ester (443a) which gave a combustion analysis and had i.r. 
and 1 H n.m.r. absorption consistent with its assigned 
structure. In addition condensation of the azide (442) 
with ethyl cyanoacetate (202) gave an acidic solid whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 14H 12 N 40 2 . This acidic by-product was 
confirmed as the aminotriazole carboxylic acid (443b) by 
its 1 H n.m.r. spectrum which showed proton signals due to 
a primary amino group, a benzyl group as well as seven 
aromatic protons. The aminotriazole (443a) was then 
diazotised on a small scale under dilute acid conditions 
and the reaction mixture was worked up to give a high 
yield (90%) of a product whose elemental analysis and mass 































(448) 	(X = OAc or Cl) 
NaOEt,EtOH, 2e then reflux. 
NaNO2 , 2M H2SO4,AcOH,H20, 00 







C 16 H 13 N 3 0 21 	which 	is 	consistent with either the 
triazolobenzisoquinoline 	(442) 	or 	the 
triazolobenzisoindolenine (445). The 1 H n.m.r. spectrum 
of this product showed proton signals characteristic of an 
ethoxy group, a benzyl group and also a three proton 
multiplet at 67.44-7.62, a two proton multiplet at 
67.80-7.90 and a highly deshielded one proton doublet at 
9.31. This 1 H n.m.r. spectrum is consistent with the 
triazolobenzisoquinoline structure (444) for the product 
of the diazotisation of the aminotriazole (443a). Had the 
product of the latter reaction been the 
triazolobenzoisoindolenine (445) then the pattern of 
proton signals in the aromatic region of its 1 H n.m.r. 
spectrum would have been expected to consist of a four 
proton multiplet, a one proton muitiplet and a deshielded 
one proton doublet. The formation of the 
triazolobenzisoquinoline (444) rather than the 
triazolobenzisoindolenine (445) from the diazotisation of 
the aminotriazole (443a) can possibly be attributed to the 
triazolobenzisoquinoline derivative (444) being less 
strained and thus more readily formed than the alternative 
five-membered product (445). An attempt was then made to 
carry out the diazotative cyclisation of the aininotriazole 
(443) under dilute acid conditions on five times the scale 
of the original reaction. However, the efficiency of the 
larger scale reaction dropped dramatically, possibly due 
to mechanical factors, and only a 36% yield of the 
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triazolobenzisoquinoline 	(444) 	was obtained. 	The 
aminotriazole (443a) was then diazotised under 
concentrated acid conditions to give a reasonable yield 
(58%) of the triazolobenzisoquinoline (444). As discussed 
previously in Section 3.2, it is possible that although 
strong acid conditions would be expected to stabilise a 
generated triazolyl cation, it is possible that this extra 
stability allows the triazolyl cation to react 
intermolecularly rather than intramolecularly if the 
cation is not stabilised. Therefore, it can be surmised 
that the reduced yield of the triazolobenzisoquinoline 
(444) from the diazotisation of the aminotriazole (443a), 
under concentrated acid conditions, is due to competing 
intermolecular processes. 
It 	has 	been 	well 	documented 92 	that 
benzo[d,e]isoquinoline derivatives are useful as 
brightening agents in certain types of synthetic fabrics. 
It was decided therefore to investigate the acid-catalysed 
triazole scission of the triazolobenzisoquinoline ring 
system, as such cleavage would provide a route to 
benzo[d,e]isoquinoline derivatives not readily accessible 
using more orthodox synthetic strategies. Consequently 
(Scheme 97), an attempt was made to hydrolyse the ester 
(444) to the carboxylic acid (446) using 2M aqueous 
hydrochloric acid in ethanol. It was anticipated that the 
carboxylic acid (446) could then be induced to undergo 
concomitant decarboxylation and acid-catalysed triazole 
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scission to afford the benzo[d,e]isoquinoline derivatives 
(448) . However, no reaction was observed between the 
ester (444) and 2M aqueous hydrochloric acid in ethanol 
and unreacted starting material was recovered unchanged in 
high yield. A solution of the ester (444) in acetic acid 
was then heated with dilute aqueous hydrochloric acid to 
give a low yield of an acidic solid which was fully 
characterised as the carboxylic acid (446), together with 
some unreacted starting material (444). Due to the low 
yield of the carboxylic acid (446) produced from the ester 
(444) under acidic conditions, it was next decided to 
attempt the alkaline hydrolysis of the latter. Therefore, 
the ester (444) was heated with dilute aqueous sodium 
hydroxide in ethanol to give a quantitative yield of the 
carboxylic acid (446). An attempt to induce 
acid-catalysed triazole scission of the carboxylic acid 
(446) by heating in glacial acetic acid gave only a good 
yield of a solid whose elemental analysis and mass 
spectrum showed it to have the molecular formula C 13H 9N 3 . 
This material was identified as the decarboxylated 
1,2,3-triazolobenzo[d,e]isoquinoline (447) on the basis of 
1 H n.m.r. spectrum which showed proton signals due to a 
benzyl group, as well as six aromatic protons and a 
vinylic type CH signal at 68.09. In a further attempt to 
induce the concomitant decarboxylation and acid-catalysed 
triazole scission of the carboxylic acid (446), it was 
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NaOEt,EtOH, 20° then ref lux. 
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temperature. 	However no reaction was observed and the 
unreacted carboxylic acid starting material (446) was 
recovered unchanged in high yield. The stability of the 
triazolobenzisoquinoline (446) towards acid-catalysed 
triazole scission is possibly due to the newly formed 
double bond of the cleavage product(s) (448) not being a 
component of an aromatic ring. In addition, the fused 
heterocyclic compound (446) is not particularly 
destabilised by ring strain, and thus a driving force for 
its acid-catalysed cleavage is lacking. 
The formation of 1,2,3-triazoloisoindolenines and 
1,2, 3-triazolobenzisoquinolines from 5-amino-l-aryl-1H-
1,2,3-triazole derivatives demonstrates the ability of 
such aminotriazoles to undergo diazotative deaminative 
intramolecular cyclisation to form five and six membered 
rings. It was therefore decided (Scheme 98) to attempt to 
induce the diazotative, deaminative cyclisation of the 
aminotriazole (45) to form a seven-membered ring. 
Consequently, the azide (449) was condensed with ethyl 
cyanoacetate (202), in the presence of sodium ethoxide, to 
give the aminotriazole (450) which was fully characterised 
analytically and spectroscopically. The aminotriazole 
(450) was then diazotised under concentrated acid 
conditions, to give a good yield of a solid product whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 18H 15N 30 2 , which is consistent with the 






triazoloisoindolenine (452). 	The 'H n.m.r. spectrum of 
the product showed signals due to the protons of an ethyl 
ester group, and a benzyl group which in the latter case 
appeared as a pair of AD doublets centred at 64.95 and 
5.13 with a coupling constant of 20 Hz, as well as a seven 
proton multiplet at 67.34-7.77 and a highly deshielded one 
proton multiplet at 67.91-8.07. It would be predicted 
from the expected structures (Figure 11) of the 
triazolodibenzazepine (451) and the triazoloisoindolenine 
(452) that the 'H n.m.r. absorption of the benzyl protons 
at C-12 of the former would be more likely to appear as an 
AB doublet in the 'H n.m.r. spectrum than the protons at 
C-B in the latter. It can be seen from Figure 11 that the 
protons at C-12 in the triazolobenzazepine (451) are 
influenced to different degrees by the triazole ring and 
the adjacent benzene ring and would therefore resonate at 
different frequencies and hence appear as an AB doublet. 
The benzylic protons at C-8 in the triazoloisoindolenine 
(452) would be less likely to resonate at different 
frequencies as the phenyl ring at C-7 has free rotation 
and would thus affect the protons at C-B to more or less 
the same degree. Unfortunately, it was not possible to 
obtain suitable crystals of the compound for X-ray 
analysis and therefore substantiate its 
triazolodibenzazepine structure (451) or 
triazoloisoindolenine structure (452). Nevertheless, the 
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diazotisation of the aminotriazole (450) gives the 
triazolodibenzazepine (451), at least under concentrated 
acid conditions. 
It has been demonstrated throughout Chapter 3 that 
diazotisation of 5-amino-l-aryl-1H-1, 2, 3-triazole 
derivatives can result in the generation and trapping of 
triazolyl cations by the aryl substituent attached to 
position 1 of the triazole ring. It was of interest 
therefore (Scheme 99) to determine if this novel 
diazotative cyclisation reaction of aminotriazole 
derivatives could be extended such that the triazolyl 
cation generated from such heterocycles would be trapped 
by an aromatic substituent attached to position 4 of the 
triazole ring. Consequently, the azide (310) was 
condensed with the known 98 activated acetonitrile 
derivative (453) in the presence of sodium methoxide to 
give the aminotriazole (454) whose combustion analysis and 
spectroscopic properties were consistent with its assigned 
structure. Condensation of the azide (310) with the 
carboxamide derivative (453) also gave an acidic solid 
whose analytical and spectroscopic properties were in full 
accord with its identity as the known 128 aminotriazole 
carboxylic acid (455). The aminotriazole (454) was then 
diazotised under dilute acid conditions to give a low 
yield of product whose elemental analysis and mass 
spectrum showed it to have the molecular formula 
C 17 H 14N 40, which is consistent with the formation of 
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either the triazoloquinoline derivative (457) or the 
triazoloisondolenine (458). The 'H n.in.r. spectrum of 
this product showed signals due to a methyl group, a 
benzyl group and a five proton multiplet at 67.05-7.34, a 
three proton multiplet at 67.36-7.56 and a one proton 
double doublet at 67.70. If diazotisation of the 
aminotriazole (454) had given the triazoloisoindolenine 
(458), it would be expected from the 'H n.m.r. absorption 
of previously prepared triazoloisoindolenine derivatives 
that H-4 would resonate at approximately 68.0. The 
absence of any signal in this region of the 'H n.m.r. 
spectrum of the product from the diazotative cyclisation 
of the aminotriazole (454) suggests that diazotisation of 
the latter gives the triazoloquinoline derivative (457). 
In addition to the triazoloquinoline derivative (457), 
diazotisation of the aminotriazole (454) gave a low yield 
of the deaminated triazole (456) which was fully 
characterised analytically and spectroscopically. The 
aminotriazole 9454) was then diazotised under concentrated 
acid conditions and gave a high yield of the 
triazoloisoquinoline derivative (457). 
The diazotative cyclisation of the aminotriazole (454) 
to give the triazoloquinoline derivative (457) rather than 
the triazoloisonidolenine (458) is hardly surprising given 
that six-membered rings are, in general, more easily 
formed than five-membered rings. ' 6 However, the different 
yields of the triazoloquinoline (457) from the diazotative 
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cyclisation of the aminotriazole (454) under dilute and 
concentrated acid conditions requires more explanation. 
It has been discussed throughout Chapter 3 that 
diazotisation of aminotriazole derivatives under dilute 
acid conditions sometimes promotes deaminative cyclisation 
to a greater extent than concentrated acid conditions. 
This has been rationalised on the basis that diazotisation 
of an amiraotrjazole derivative under concentrated acid 
conditions sometimes stabilises the generated triazolyl 
cation to such an extent that intermolecular processes 
compete with intramolecular cyclisation. In contrast, 
diazotisation of an aminotriazole derivative under dilute 
acid conditions results in the generation of a triazolyl 
cation which is not so stabilised and therefore reacts 
immediately by intramolecular cyclisation before 
intermolecular nucleophilic attack has a chance to occur. 
However, the diazotative ccylisation of the aminotriazole 
(454) under concentrated acid conditions is more efficient 
than under dilute acid conditions and seems to refute this 
rationale. A possible explanation for the success of the 
diazotative cyclisation of the aininotriazole (454) under 
concentrated acid conditions could be that the stabilised 
triazolyl cation generated from the latter is protected 
from intermolecular nucleophilic attack by the bulky 
N-methyl-N-phenylcarboxamide substituent at C-4 of the 
triazole ring and thus intramolecular cyclisation is 
promoted. Diazotisation of the aniinotriazole (454) under 
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dilute acid conditions undergoes both reduction and 
intramolecular cyclisation. 
It has been demonstrated throughout Chapter 3 that 
addition of an aqueous solution of sodium nitrite to a 
solution of a 5-axnino-l--aryl-1H-1,2,3--triazole derivative 
in concentrated sulphuric acid and glacial acetic acid can 
result in deaininative intramolecular cyclisation. This 
has been attributed throughout to the formation of the 
diazonium salt of the aminotriazole derivative and 
subsequent extrusion of molecular nitrogen to generate a 
triazolyl cation, which then undergoes intramolecular 
cyclisation. It is possible however that diazotisation is 
not necessary to promote the deaminative cyclisation of 
aminotriazole derivatives in the presence of concentrated 
sulphuric acid, due to quaternerisation of the amino group 
of such triazoles under the strong acid conditions, and 
subsequent elimination of ammonia. Therefore, in order to 
confirm the involvement of diazonium intermediates in such 
intramolecular cyclisation reactions, the aminotriazole 
(454) was stirred with concentrated sulphuric acid in 
glacial acetic acid at 0 0 . The resulting reaction mixture 
was worked up to give a good recovery of the unreacted 
aminotriazole starting material (454). There was no 
evidence for any cyclisation of the aminotriazole (454) 
thus removing any doubt about the initial involvement of a 
diazonium cation species in the intramolecular deaminative 





GENERAL EXPERIMENTAL DETAILS 
For general experimental details see Chapter 2, 
Section 2.4, page 124. 
N.N-Diinethylcyanoacetamide (229b) 
For details of the preparation of N,N-dimethyl-
cyanoacetainide (229b) see Chapter 2, Section 2.4. 
Benzoylacetonitrile (403) 
The known' 17 compound benzoylacetonitrile (403) was 
kindly provided by Mr. Martin Scobie of the University of 
Edinburgh. 
Phenylsuiphonylacetonitrile (229a) 
The known1 1 O compound phenylsuiphonylacetonitrile 
(229a) was kindly provided by Mr. Martin Scobie of the 
University of Edinburgh. 
Ethyl 5-Amino-1H-1.2 . 3-triazole-4-carboxvlate (376) 
The known 130 compound ethyl 5-amino-1H-1,2,3-triazole-
4-carboxylate was kindly provided by Dr. Linda Mackenzie 
of the University of Edinburgh. 
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The Attempted Reaction of Ethyl Cvanoacetate with 
N-Nethylaniline in the Presence of Sodium Ethoxide 
A solution of ethyl cyanoacetate (11.3 g; 0.1 mol) and 
N-methylanhline (21.4 g; 0.2 mol) in anhydrous ethanol 
(50.0 cm 3 ) was treated with a solution of sodium (0.05 g; 
0.002 g.atom) in anhydrous ethanol (5.0 cm 3 ) and the 
mixture was stoppered and left at room temperature for 3 
days. 
The resulting solution was evaporated to give a golden 
oil (32.8 g) whose t.1.c. in hexane over silica showed 
only the presence of unreacted starting materials. 
N-Methyl-N-phenylcyanoacetamide (453) 
A stirred solution of anhydrous cyanoacetic acid 
(8.5 g; 0.1 mol) in anhydrous ether (80.0 cm 3 ) was treated 
with finely powdered phosphorous pentachioride (23.0 g; 
0.11 mol) in a single portion at room temperature. The 
mixture was stirred at room temperature for 30 min then 
evaporated at 20 0 to give a pale yellow oil. This was 
immediately dissolved in anhydrous toluene (20.0 cm 3 ) and 
the solution was added dropwise to a stirred solution of 
N-methylaniline (21.4 g; 0.2 mol) in anhydrous toluene 
(70.0 cm 3 ) at 0 0 (ice-salt bath) and the mixture was 
stirred in the melting ice bath for lh. 
The resulting suspension was filtered to remove the 
insoluble N-methylaniline hydrochloride (12.8 g) and the 
filtrate was evaporated to give a gum which was triturated 
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with ether to give the known' 113 N-methyl-N-phenylcyano-
acetamide (453) (12.4 g; 71%) as a cream coloured solid 
m.p. 82-84 0 (lit.,h18 86-88°). 
3. 4-Diinethoxvbenzyl Chloride (420a) 
3,4-Diinethoxybenzyl chloride (420a) was prepared by 
the reaction of 3,4-dimethoxybenzyl alcohol with hydrogen 
chloride as described by Decker and Koch' 19 and had m.p. 
44-46 0 (lit.,119 49-50°). 
3 4-Methylenedioxvbenzyl Chloride (425a) 
3,4-Methylenedioxybenzyl chloride (425a) was prepared 
by the reaction of 3,4-methylenedioxybenzyl alcohol with 
hydrogen chloride as described by Fuju, Ueno and 
Mitsukuchil 2 o and had m.p. 23-24 0 (lit.,120 23°). 
Benzvl Azide (310) 
Benzyl azide (310) was prepared by the reaction of 
benzyl chloride with sodium azide as described by Curtius 
and Ehrhart' 21 and was obtained as a colourless oil, umax 
2100 (N 3 ) cm. 
Preparation of Arylmethyl Azide Derivatives 
(a) 	A stirred solution of the arylmethyl halide (0.1 
mol) in anhydrous dimethylformamide (40.0 cm 3 ) was treated 
with sodium azide (6.5 g; 0.1 inol) and the mixture was 
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stirred, with exclusion of atmospheric moisture, at room 
temperature for 24h. 
The resulting suspension was diluted with water 
(400 cm 3 ) and extracted with ether. The ethereal extract 
was washed three times with water (3 x 100 cm 3 ) then 
evaporated to give the azide product which was used 
without further purification. 
2-Bromobenzyl bromide gave 2-bromobenzyl azide 
(343) (yield 96%) as a colourless oil, umax (l' 3 ) cm 1 . 
3-Nitrobenzyl chloride gave 3-nitrobenzyl azide 
(347) (yield 93%) as a yellow oil, umax  2100 (N 3 ) cin 1 . 
3-Nethylbenzylchloride 	gave 	the 	known122 
3-methylbenzyl azide (358) (yield 98%) as a colourless 
Oil, vmax 2100 (N 3 ) cin1. 
3-Nethoxybenzyl chloride gave the known 123 
3-methoxybenzyl azide (363) (yield 98%) as a colourless 
Oil , "max 2100 (N 3 ) cm. 
4-Methoxybenzyl chloride gave 4-methoxybenzyl 
azide (410) (yield 94%) as a colourless oil, umax  2100 
(N 3 ) cm'. 
3,4-Dimethoxybenzyl chloride (420a) gave the 
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known 124 3,4-dimethoxybenzyl azide (420b) (yield 95%) as a 
golden oil, "max  2100 (N 3 ). 
3,4-Methylenedioxybenzyl chloride (425a) gave 
3,4-methylenedioxybenzyl azide (425b) (yield 88%) as a 
colourless oil, "max  2100 (N 3 ) cm. 
3,4,5-Trimethoxybenzyl 	chloride 	gave 	3,4,5- 
trimethoxybenzyl azide (429) (yield 99%) as a colourless 
Oil, "max  2100 (N 3 ) cm 1 . 
Benzhydryl bromide gave the known 125 benzhydryl 
azide (433) (yield 100%) as a golden oil, "max  2100 (N 3 ) 
cm. 
2-Phenylethyl 	chloride 	gave 	the 	known120 
2-phenylethyl azide (439) (yield 94%) as a colourless oil, 
vmax 2100 (N 3 ) Cfl1. 
l-Chloromethylnaphthalene 	gave 	1-az idomethyl 
naphthalene (442) (yield 98%) as a pale green oil, "max 
2100 (N 3 ) cm. 
(b) A stirred suspension of the arylmethyl halide 
(0.05 mol) in anhydrous diinethylformamide (20.0 cm 3 ) was 
treated with sodium azide (6.5 g; 0.1 mol) and the 
suspension was stirred at room temperature, with exclusion 
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of atmospheric moisture, for 24h then worked up as 
described for the individual reactions below. 
The mixture from the reaction of 4-chioroinethyl 
pyridine with sodium azide was diluted with water 
(200 cm 3 ) and extracted with ether. The ethereal extract 
was washed three times with water then evaporated to 
afford an oil which was combined with a second oil 
obtained by basifying the acidic aqueous mother-liquor and 
extraction with ether to afford 4-azidomethylpyridine 
(354) (yield 96%) as a golden oil, "max  2100 (N 3 ) cur 1 . 
The mixture from the reaction of 2-chioro 
methylpyridine with sodium azide was diluted with water 
(200 cm 3 ) and extracted with ether. The ethereal extract 
was washed three times with water to afford 
2-azidomethylpyridine (350) (yield 97%) as a golden oil, 
"max 2100 (N 3 ) cm. 
9-Azidofluorenone (436) - 
9-Azidofluorenone (436) was prepared by the reaction 
of 9-bromofluorenone with sodium azide as described by 
Eaborn and Shaw ' 26 and had m.p. 32-34 0 (lit.,126 44-46 0 ), 
vmax 2100 (N 3 ) cm1. 
331 
Preparation of Ethyl 5-Amino-1-arylmethyl-1H--1,2 3-
triazole-4-carboxylate Derivatives 
(a) A stirred solution of sodium (0.24 g; 0.01 g atom) in 
anhydrous ethanol (5.0 cm 3 ) was treated with ethyl cyano-
acetate (1.1 g; 0.01 mol) followed by the azide 
(0.01 mol). The mixture was stirred at room temperature 
for 2h and at reflux for 0.5h then treated with an 
ice-water slurry (20.0 cm 3 ) at room temperature and worked 
up as described for the individual reactions below. 
(1) 	The mixture from the reaction of the azide (310) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was filtered and the collected solid was washed with ether 
to afford the known' 8 ethyl 5-amino-1-benzyl-1H-1,2,3-
triazole-4-carboxylate (311) (yield 47%) m.p. 154-156 0 
(lit., 78 156°). 
The ethereal washings were evaporated to give an oil 
whose t.1.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
(ii) 	The mixture from the reaction of the azide (363) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water then 
extracted with methylene chloride to give a semi-solid. 
This was washed with ether to afford ethyl 5-amino- 
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1-(3-methoxyphenyl)-lH-1,2 ,3-triazole-4-carboxylate (364) 
(yield 40%) which formed colourless needles m.p. 111-112 0 
(from toluene-light petroleum), vmax 3500-3100 br (NH) and 
1720 (CO) C'1 6H (CDC1 3 ) 7.35-7.15 (1H, in, ArH), 
6.91-6.74 (311, in, ArH), 5.35 (2H, s, CH 2 ), 4.80 (2H, brs, 
NH 2 ) (exch.), 4.36 (2H, q, J7Hz, CH 2 ), 3.75 (3H, s, CH 3 ) 
and 1.38 (311, t, J7Hz, CH 3 ). 
Found: 	C, 56.5; H, 5.7; N, 20.2%; m/z (Elms), 276 (M+). 
C 13 H 16 N 4 0 3 requires: 	C, 56.5; H, 5.8; N, 20.3%; M, 276. 
Evaporation of the ethereal mother-liquor gave 
unreacted azide starting material (363) (0.41 g; 26%), 
identical (i.r. spectrum) to an authentic sample. 
(b) A stirred solution of sodium (0.24 g; 0.01 g atom) in 
anhydrous ethanol (5.0 cm 3 ) was treated with ethyl 
cyanoacetate (0.01 mol) followed by the azide (0.005 mol). 
The mixture was stirred at room temperature for 2h then 
heated under reflux for 0.5h and worked up as described 
for the individual reactions below. 
(i) 	The mixture from the reaction of the azide (310) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was added to an ice-water slurry. 	The resulting 
suspension was filtered 	and the 	insoluble 	solid 	was 
collected to afford 	ethyl 5-amino-1-benzyl-1H-1,2,3- 
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triazole-4-carboxylate (311) (yield 66%) m.p. 151-153, 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
Further work up of the aqueous alkaline mother-liquor 
gave no other identifiable material. 
(ii) 	The mixture from the reaction of the azide (343) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water and 
methylene chloride. The resulting three phase mixture was 
filtered and the collected solid was acidified using 2N 
aqueous hydrochloric acid to afford ethyl 5-N-(2-
bromobenzyl) amino-1H-1, 2, 3-triazole-4-carboxylate (345) 
(yield 26%) which formed colourless needles m.p. 162-164 0 
(from methanol), umax  3480-3130 br (NH) and 1700 (CO) 
cm1, 6H  [(CD 3 ) 2 SO] 7.75-7.64 (1H, m, ArH), 7.46-7.24 (2H, 
in, ArH), 6.75-6.64 (1H, in, ArH), 6.64 (2H, brs, NH 2)
(exch.), 5.45 (2H, s, CH 2 ), 4.28 (2H, q, J7Hz, CH 2 ) and 
1.31 (3H, t, J7Hz, CH 3 ). 
Found: C, 44.1; H, 4.0; N, 17.1%; m/z (Elms), 324 and 326 
(N). 
C 12H 13 BrN 4O 2 requires: C, 44.3; H, 4.0; N, 17.2%; M, 325. 
The two phase mother liquor was separated and the 
aqueous layer was further extracted with methylene 
chloride. The combined methylene chloride extracts were 
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evaporated to give a semi-solid which was washed with 
ether to afford ethyl 5-amino-1-(2-bromobenzyl) -1ff-i, 2,3-
triazole-4-carboxylate (344) (yield 27%) which formed 
colourless needles m.p. 186-187 0 (from ethyl acetate-
ethanol), "max  3480-3120 br (NH) and 1700 (CO) cm-1, 6H 
(CDC1 3 ) 7.65-6.92 (4H, m, ArH), 5.47 (2H, s, CH 2 ), 5.08 
(2H, brs, NH 2 ) ( exch.), 4.37 (2H, q, J7Hz, CH 2 ) and 1.38 
(3H, t, J7Hz, CH 3 ). 
Found: C, 44.0; H, 4.0; N, 16.9%; m/z (Elms), 324 and 326 
(M). 
C 12 H 13 BrN 40 2 requires: C, 44.3; H, 4.0; N, 17.2%; N, 325. 
Evaporation of the ethereal mother-liquor gave an oil 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other product. 
(iii) 	The mixture from the reaction of the azide (347) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford ethyl 5-amino-1-(3-nitrobenzyl)-1H-1, 2,3-
triazole-4-carboxylate (348) (yield 41%) as a yellow solid 
m.p. 168-169 0 (from ethyl acetate-light petroleum), "max 
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3480-3100 br (NH) and 1710 (CO) cm, ô (CDC1 3 ) 8.25-8.11 
(2H, in, ArH), 7.57-7.33 (2H, in, ArH), 5.50 (2H, s, CH 2 ), 
5.1 (2H, brs, NH 2 ) ( exch.), 4.37 (2H, q, J7Hz, CH 2 ) and 
1.29 (3H, t, J7Hz, CH 0' 
Found: 	C, 49.7; H, 4.5; N, 23.7%; m/z (Elms), 291 (M+). 
C 12 H 13 N 5 0 4 requires: 	C, 49.5; H, 4.5; N, 24.0%; N, 291. 
Evaporation of the ethereal mother-liquor gave an oil 
whose t.1.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
(iv) 	The mixture from the reaction of the azide (350) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give ethyl 5-amino-1-(2-methylpyridyl)-1H-
1,2,3-triazole-4-carboxylate (351) (yield 48%) which 
formed colourless plates M.P. 117-118 0 (from ethyl 
acetate), "max  3300-3100 br (NH) and 1700 (CO) C 1 ô 
(CDC1 3 ) 8.48-8.39 (1H, in, ArH), 7.74-7.08 (3H, in, ArH), 
6.09 (2H, brs, NH 2 ) ( exch.), 5.35 (2H, S, CH 2 ), 4.27 (2H, 
q, J7H2, CH 2 ) and 1.27 (3H, t, J7Hz, CC1 3 ). 
Found: 	C, 53.3; H, 5.3; N, 28.2%; m/z (Elms), 247 (M+). 
C 11 H 13 N 5 0 2 requires: 	C, 53.4; H, 5.3; N, 28.3%; N, 247. 
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Further work up of the aqueous alkaline mother-liquor 
gave no other identifiable product. 
The mixture from the reaction of the azide (354) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to afford ethyl 5-amino-1-(4-methyipyridyl)-1H-
1,2,3-triazoie-4-carboxylate (355) (yield 45%) as a pale 
pink solid m.p. 169_1710 (from ethanol-light petroleum), 
umax 3470-3100 br (NH) and 1710 (CO) cm -1 , 611 (CDC1 3 ) 
8.59-8.52 (2H, m, ArH), 7.24-7.00 (2H, rn, ArH), 5.39 (2H, 
s, CH 2 ), 5.15 (2H, brs, NH 2 ) ( exch.), 4.37 (211, q, J7Hz, 
Cl 2 ) and 1.38 (3H, t, J7Hz, CH 0' 
Found: 	C, 53.2; H, 5.3; N, 28.0%; m/z (Elms), 247 (M+). 
C 11 H 13 N 5 0 2 requires: 	C, 53.4; H, 5.3; N, 28.4%; M, 247. 
Further work up of the aqueous alkaline mother-liquor 
gave no other identifiable product. 
The mixture from the reaction of the azide (358) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford 	ethyl 	5-amino-i- (3-methylbenzyi) -iH-i, 2,3- 
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triazole-4-carboxylate (359) 	(yield 42%) which 	formed 
colourless 	needles 	M.P. 	142-143 0 (from ethanol-light 
petroleum), 	"max  3450-3200 br 	(NH) 	and 1695 (CO) 	cm- I, 	oH 
(CDC1 3 ) 	7.26-7.00 	(4H, in, 	ArH), 	5.34 (2H, s, 	CH 2 ), 	4.80 
(2H, 	brs, 	NH 2 ) 	( exch.), 4.35 	(2H, 	q, 	J7Hz, 	CH 2 ), 2.31 	(3H, 
s, 	CH 3 ) 	and 1.37 	(3H, 	t, J7Hz, 	CH 3 ). 
Found: 	C, 59.7; H, 6.2; N, 21.5%; m/z (Elms), 260 (M). 
C 13 H 16 N 4 0 2 requires: 	C, 60.0; H, 6.2; N, 21.5%; M, 260. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
product. 
(vii) 	The mixture from the reaction of the azide (363) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford ethyl 5-amino-1-(3-methoxybenzyl) -1H-1, 2,3-
triazole-4-carboxylate (364) (yield 66%) M.P. 112-114 0 , 
identical (M.P. and i.r. spectrum) to an authentic sample 
prepared in (a) before. 
Evaporation of the ethereal mother-liquor gave an oil 
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whose t.1.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
aqueous alkaline mother-liquor gave no other identifiable 
product. 
(viii) 	The mixture from the reaction of the azide (410) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford ethyl 5-amino-l-(4-methoxybenzyl)-1H-1,2, 3-
triazole-4-carboxylate (411) (yield 45%) as a yellow solid 
•m.p. 160_1610 (from ethanol), 'max  3480-3100 br (NH) and 
1690 (CO) cm1, 6H  (CDC1 3 ) 7.25-7.12 (2H, m, ArH), 
6.90-6.84 (2H, m, ArH), 5.33 (2H, s, CH 2 ), 4.92 (211, brs, 
NH 2 ) ( exch.), 4.35 (2H, q, J7Hz, Cl! 2 ), 3.77 (3H, s, CH 3)
and 1.36 (3H, t, J7H2, Cl 3 ). 
Found: C, 56.0; H, 5.8; N, 20.1%; m/z (Elms), 
277.1301 (M). - 
C 13 H 16N 40 3 requires: C, 56.5; H, 5.8; N, 20.3%; N, 277.1301 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. Further work up of the 
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aqueous alkaline mother-liquor gave no other identifiable 
product. 
(ix) 	The mixture from the reaction of the azide (420b) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water and 
ethyl acetate. The resulting suspension was filtered and 
the collected solid was acidified using 2N aqueous 
hydrochloric acid. This was combined with a second crop 
of solid, which was obtained by separation of the two 
phase filtrate and acidification of the aqueous phase 
after further extraction with ethyl acetate, to afford 
5-amino-l-(3 , 4-dimethoxybenzyl) -1H-1, 2, 3-triazole-4- 
carboxylic acid (422) (yield 24%) which formed light brown 
coloured plates m.p. 168-169 0 (from aqueous methanol) 
vmax 3400-2800 br (NH and OH) and 1670 (CO) cm-1, 6H 
[(CD 3 ) 2S0] 6.97-6.44 (3H, m, ArH), 6.50 (2H, brs, NH 2 ) 
(exch.), 5.33 (2H, s, CL! 2 ) and 3.73 (6H, s, CH 0' 
Found: C, 51.5; H, 5.1; N, 19.7%; m/z (FABms), 279 (N+H)F. 
C 14 H 18 N 4 0 4 requires: C, 51.8; H, 5.0; N, 20.1%; M, 278. 
Evaporation of the combined ethyl acetate extracts 
gave a semi-solid which was washed with ether to afford 
ethyl 5-amino-l-(3, 4-dimethoxybenzyl) -111-1,2, 3-triazole-
4-carboxylate (421) (yield 36%) which formed colourless 
plates m.p. 158-159 0 (from ethanol), vmax 3400-3100 br 
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(NH) and 1680 (CO) cm, 6H  (CDC1 3 ) 6.97-6.70 (3H, m, 
ArH), 5.30 (2H, s, CH 2 ), 4.84 (2H, brs, NH 2 )( exch.), 43.5 
(2H, q, J7Hz, CH 2 ), 3.83 (3H, s, CH 3 ), 3.78 (3H, s, CH 3)
and 1.36 (3H, t, J7Hz, CH 3 ). 
Found: 	C, 54.6; H, 5.8; N, 18.1%; m/z (Elms), 306 (M+). 
C 14 H 18 N 4 0 4 requires: 	C, 54.9; H, 5.9; N, 18.3%; M, 306. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
(x) 	The mixture from the reaction of the azide (425b) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water and 
methylene chloride. The resulting three phase mixture was 
filtered and the collected solid was combined with a 
second crop of solid which was obtained by separation of 
the two phase filtrate, further extraction of the aqueous 
phase with methylene chloride, and evaporation of the 
combined methylene chloride extracts then washing of the 
resulting semi-solid with ether, to afford ethyl 5-
amino-i- (3, 4-methyienedioxybenzyi) -1ff-i, 2, 3-triazoie-4- 
carboxylate (426) (yield 52%) as a colourless powder m.p. 
179-180 0 (from ethanol), 'max  3400-3100 br (NH) and 1720 
(CO) cm, 6H  (CDC1 3 ) 6.74-6.66 (3H, in, ArH), 5.94 (2H, s, 
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CM 2 ), 5.29 (2H, s, CH 2 ), 4.88 (2H, brs, NH 2 )( exch.), 4.35 
(2H, q, J7Hz, CH 2 )and 1.37 (3H, t, J7Hz, CH 0' 
Found: 	C, 53.5; H, 4.9; N, 19.2%; m/z (Elms), 290 (Mt). 
C 13 H 14N 4 0 4 requires: 	C, 53.8; H, 4.8; N, 19.3%; N, 290. 
Evaporation of the ethereal mother-liquor gave an 
intractable gum which yielded no identifiable material. 
Further work up of the alkaline aqueous mother-liquor gave 
no other identifiable product. 
(xi) 	The mixture from the reaction of the azide (429) 
with ethyl cyanoacetate in the presence of sodium ethoxide 
was evaporated and the residue was treated with water. 
The resulting suspension was extracted with methylene 
chloride to give a semi-solid which was washed with ether 
to afford ethyl 5-amino-1-(3, 4, 5-trimethoxybenzyl) -1H-
l,2,3-triazole-4-carboxylate (430) (yield 72%) which 
formed colourless needles m.p. 158-159 0 (from ethanol), 
umax 3470-3100 br (NH) and 1715 (CO) cm', 6H  (CDC1 3 ) 6.41 
(2H, S, ArH), 5.29 (2H, 5, CH 2 ), 4.93 (2H, brs, NH 2 ) 
(exch.), 4.35 (2H, q, J7Hz, CH 2 ), 3.78 (3H, S, CH 3 ), 3.76 
(3H, s, CH 3 ) and 1.36 (3H, t, J7Hz, CH 3 ). 
Found: 	C, 53.6; H, 6.0; N, 16.6%; m/z (Elms), 336 (M). 
C 15 H 20 N 40 5 requires: 	C, 53.6; H, 6.0; N, 16.7%; N, 336. 
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Evaporation of the ethereal mother-liquor gave only a 
trivial amount of an oil which was not further 
investigated. Further work up of the aqueous alkaline 
mother-liquor gave no other identifiable product. 
The Preparation of 5-kmino-l-benzyl-1H-1, 2 3-triazole-4-
carboxamide Derivatives 
A stirred solution of sodium (1.2 g; 0.05 g.atom) in 
methanol (25.0 cm 3 ) was treated with the cyanoacetamide 
derivative (0.05 mol) followed by the benzyl azide 
derivative (0.05 mol). The resulting mixture was heated 
under reflux for 3h then stirred in an ice bath for 0.5h 
and worked up as described for the individual reactions 
below. 
(i) 	The mixture from the reaction of the azide (310) 
with N,N-dimethylcyanoacetainide (229b) in the presence of 
sodium methoxide was filtered and the collected solid was 
washed with water to afford the known ' 2 ' 5-amino-1-benzyl-
1H-1,2 ,3-triazole-4-(N,N--dimethylcarboxamide) (323) (yield 
55%) m.p. 150_1520 (lit.127, 149_1500). 
The combined inethanolic mother-liquor and aqueous 
washings were evaporated and the residue treated with 
water then acidified to litmus using 2M aqueous 
hydrochloric acid. The resulting suspension was filtered 
and the insoluble solid was collected to afford 
5-amino-1-benzyl-1J1-1, 2, 3-triazole-4-N- ( l-benzyl-1H-1, 2,3- 
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triazol-5-yl-4-(N,N-dimethylcarboxainide) ]carboxamide (324) 
(yield 8%) which formed colourless needles m.p. 203-204 0 
(from methanol), umax  3400-3100 br (NH) and 1680 (CO) 
CM-1,  6H [(CD 3 ) 2 S0] 10.41 (1H, brs, NH) (exch.), 7.39-7.14 
(10H, in, ArH), 6.65 (2H, brs, NH 2 ) ( exch.), 5.64 (2H, s, 
CH 2 ), 5.47 (2H, s, CH 2 ), 3.21 (3H, s, CH 2 ) and 2.95 (3H, 
s, CH 01  o 	[(CD 3 ) 2S0] 161.7 (quat.), 160.3 (quat.), 145.7 
(quat.), 135.8 (quat.), 135.2 (quat.), 	134.5 (quat.), 
134.2 (quat.), 129.1 (CH), 128.7 (CH), 128.3 (CH), 128.1 
(CH), 127.8 (CH), 127.5 (CH), 121.0 (quat.), 51.3 (CH 2 ), 
48.5 (CH 2 ), 38.8 (CH 3 ) and 38.3 (CH 0' 
Found: C, 59.3; H, 5.2; N, 28.7%; m/z (FABms), 446.2053 
(M+H) . 
C 22H 23N 90 2 requires: C, 59.3; H, 5.2; N, 28.3%; (M+H), 
446.2053. 
Further work up of the aqueous acidic mother-liquor 
gave no other identifiable product. 
The mixture from the reaction of the azide (310) 
with cyanoacetamide in the presence of sodium methoxide 
was filtered and the collected solid was washed with 
methanol to afford the known' 28  5-amino-l-benzyl-1H-1, 2,3-
triazole-4-carboxamide (326) (yield 83%) m.p. 232-234 0  
(lit., 28  233-235°) 
Further work up of the combined filtrate and washings 
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gave no other identifiable product. 
The mixture from the reaction of the azide (363) 
with cyanoacetamide in the presence of sodium methoxide 
was filtered and the collected solid was washed with 
methanol then combined with a second crop of solid which 
was obtained by evaporation of the combined filtrate and 
washings, treatment of the residue with water and 
extraction with methylene chloride, to afford 5-amino-
1-(3-methoxybenzyl)-1H-1,2, 3-triazole-4-carboxamide (397) 
(yield 87%) which formed colourless needles m.p. 195-196 0 
(from aqueous acetic acid), "max  3440-3150 br (NH) and 
1650 (CO) cm -1 , 
oH 
[(CD 3 ) 2S0] 7.30-6.80 (6H, m, ArH and 
NH 2) (2H exch.), 6.37 (2H, brs, NH 2 )( exch.), 5.39 (2H, s, 
CH 2 ) and 3.73 (3H, s, Cl! 3 ). 
Found: 	C, 53.8; H, 5.3; N, 28.3%; m/z (Elms), 247 (M+). 
C 11 H 13N 5 0 2 requires: 	C, 53.5; H, 5.3; N, 28.3%; M, 247. 
Further work up of the aqueous alkaline mother-liquor 
gave no other identifiable product. 
The mixture from the reaction of the azide (310) 
with N-methyl-N-phenylcyanoacetamide (453) in the presence 
of sodium methoxide was filtered and the collected solid 
was washed with methanol to afford 5-amino-l-benzyl-
1H-1, 2, 3-triazole-4-(N-methyl-N-phenylcarboxamide) 	(454) 
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(yield 77%) which formed colourless needles m.p. 196-198 0  
(from acetic acid), vmax 3400-3100 br (NH) and 1625 (CO) 
CM-1, 6H  [(CD 3 ) 2 S0] 7.43-7.19 (10H, m, ArH), 6.64 (2H, 
brs, NH 2 ), 5.41 (2H, s, CH 2 ) and 3.55 (3H, s, CH 3 ). 
Found: 	C, 66.0; H, 5.6; N, 22.8%; m/z (Elms), 307 (14 k ). 
C 17 H 12 N 50 requires: 	C, 66.3; H, 5.6; N, 22.8%; M, 307. 
The combined filtrate and washings were evaporated and 
the residue was treated with water and methylene chloride. 
The resulting three phase mixture was filtered and the 
collected solid was acidified with 2M aqueous hydrochloric 
acid to afford the known 128 5-ainino-1-benzyl-1H-1,2,3-
triazole-4-carboxylic acid (455) (yield 7%) m.p. 168-170 0 
(lit. 1 2 8 , 169170°), "max  3400-3100 br (NH), 3200-2500 br 
(NH 2 ) and 1670 (CO) cm-1, 6H  [ (CD 3 )• 2S0] 12.50 (1H, brs, 
OH) (exch.), 7.35-7.19 (5H, m, ArH), 6.53 (2H, brs, NH 
2)
(exch.) and 5.43 (2H, s, CH 
2)' 
Found: 	C, 55.0; H, 4.8; N, 25.5%; m/z (Elms), 218 (N t ). 
Calcd. for C 10 H 10 N 40 2 : C, 55.0; H, 4.6; N, 25.7%; M, 218. 
The two phase mother-liquor was separated and the 
aqueous phase was further extracted with methylene 
chloride. The combined methylene chloride extracts were 
evaporated to give a gum whose t.1.c. in ethyl acetate 
over silica showed it to be an unresolvable 
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multi-component gum which therefore was not further 
investigated. Further work up of the aqueous alkaline 
mother-liquor gave no other product. 
Preparation of 5-Amino-1-benzvl-4-cyano-1H-1,2 3-triazole 
Derivatives 
A stirred suspension of the aminotriazole (0.02 mol) 
in anhydrous dimethylformamide (20.0 cm 3 ) was cooled to 0 0 
(ice-salt bath) and treated dropwise at 0-5 0 with 
phosphoryl chloride (6.2 g; 0.04 mol). The mixture was 
stirred at 00  for 5 mm, then at room temperature for 10 
min and then for 15 nun at 80±10. The resulting mixture 
was cooled to room temperature and treated with iN aqueous 
hydrochloric acid (20.0 cm 3 ) then heated under ref lux for 
5 min and the resulting solution was stored at 0 0 
overnight. 
The suspension was filtered and the collected solid 
was washed with water and ethanol to afford the 5-amino-1-
benzyi-4-cyano-1H-1, 2, 3-triazole product. 
(i) 	The mixture 	from 	the 	reaction 	of 	the 
aminotriazole (326) with phosphoryl chloride gave the 
known1 29 5-anuino-1-benzyl-4-cyano-1U-1,2, 3-triazole (328) 
(yield 56%) m.p. 180-182 0 (lit.,129  180-182 0 ). 
The mixture 	from the reaction of the 
amninotriazoie 	(397) 	with phosphoryl chloride gave 
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5-amino-l-(3-Inethoxybenzyl) -4-cyano-1H-1, 2, 3-triazole 
(398) (yield 96%) which formed colourless plates m.p. 
146-147 0 (from ethanol), umax  3380-3180 br (NH) and 2240 
(CN) cm1, 6H  [ (CD 3 ) 2S0J 7.39-6.71 (6H, in, ArH and NH 2)
(2H exch.), 5.38 (2H, s, CH 2 ) and 3.73 (3H, s, Cl! 3 ). 
Found: 	C, 57.4; H, 4.9; N, 30.6%; m/z (Elms), 229 (Mt). 
C 11 11 11 N 5 0 requires: 	C, 57.6; H, 4.8; N, 30.6%; M, 229. 
5-Ainino-l-benzyl-4-phenyi-lH-1,2 3-triazole (330) 
The known 49 compound 5-amino-l-benzyl-4-phenyl-lH-
1,2,3-triazole (330) was kindly provided by Dr. George 
Tennant of the University of Edinburgh. 
5-Amino-l-(3-methoxybenzyl) -4-phenyl-1H-l. 2 .3-triazole 
(404b) 
(i) 	A stirred solution of sodium (0.46 g; 0.02 g.atom) 
in methanol (10.0 cm 3 ) was treated with a solution of 
benzylcyanide (2.4 g; 0.02 mci) and 3-methoxybenzyi azide 
(363) (3.3 g; 0.02 mci) in methanol (15.0 cm 3). The 
mixture was heated under ref lux for 3h then stirred at 
room temperature for 17h. 
The resulting solution was evaporated and the residue 
was treated with water (10.0 cm 3 ) then extracted with 
methylene chloride to give a semi-solid which was washed 
with ether to afford 5-amino-l-(3-methoxybenzyl)-4 -phenyl - 
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1H-1,2,3-triazole (404b) 	(1.8 g; 32%) which formed 
colourless plates m.p. 114-115 0 (from ethyl acetate), Pmax 
3400-3100 br (NH) 6H (CDC' 3 )7.70-7.16 (6H, in, ArH), 
6.89-6.75 (3H, in, ArH), 5.39 (2H, s, CH 2 ), 3.74 (3H, s, 
CH.) and 3.71 (2H, brs, NH 2 ) ( exch.). 
Found: 	C, 68.4; H, 5.7; N, 20.0%; m/z (Elms), 280 (Wi ). 
C 16 H 16 N 40 requires: 	C, 68.5; H, 5.7; N, 20.0%; N, 280. 
Evaporation of the ethereal mother-liquor gave 
unreacted azide starting material (363) (2.0 g; 61%), 
identified by comparison (i.r. spectrum) with an authentic 
sample. Further work up of the aqueous mother-liquor gave 
no other identifiable product. 
The reaction of the azide (363) with benzyl 
cyanide in the presence of sodium methoxide was repeated 
as described in (1) except two equivalents of benzyl 
cyanide and sodium methoxide were used. Work up of this 
reaction gave the aminotriazole (404b) in improved yield 
(56%). 
A stirred solution of sodium (1.2 g; 0.05 g.atom) 
in methanol (20.0 cm 3 ) was treated with a solution of 
benzyl cyanide (5.9 g; 0.05 inol) and the azide (363) 
(4.1 g; 0.025 mol) in methanol (30.0 cm 3 ) then heated 
under reflux for 17h. 
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The resulting solution was evaporated and the residue 
was treated with water then extracted with methylene 
chloride to give an oil which was triturated with ether to 
afford the aminotriazole (404b) (2.5 g; 36%) m.p. 
101-103 0 , identical (xn.p. and i.r. spectrum) to an 
authentic sample prepared in (i) before. 
The ethereal mother-liquor was evaporated to give an 
oil (6.3 g) whose t.l.c. in hexane over silica showed it 
to be a mixture of unreacted azide (363) and benzyl 
cyanide starting materials and which therefore was not 
further investigated. 
(iv) 	A stirred solution of sodium (1.2 g; 0.05 g.atom) 
in anhydrous ethanol (25.0 cm 3 ) was treated with benzyl 
cyanide (5.9 g; 0.05 mol) followed by the azide (363) 
(4.1 g; 0.0425 mol) and the mixture was stirred at room 
temperature for 2h then heated under reflux for 0.5h. 
The resulting suspension was evaporated and the 
residue was treated with water (25.0 cm 3 ) and methylene 
chloride. The three phase mixture was filtered and the 
collected solid was acidified using 2M aqueous 
hydrochloric acid to afford 1-amino-1-N-[l-(3-methoxy 
phenyl) -4-phenyl-1H-1, 2, 3-triazole-5-yl]ainino-2-phenyl 
ethene (405) (3.8 g; 38%) as a colourless solid m.p. 
229-231 0 (from aqueous dimethylformamide), "max  3400-2500 
br (NH), oH [(CD 3 ) 2 SO] 7.58-7.12 (12H, m, ArH), 6.89-6.77 
(2H, m, ArH), 6.79 (1H, s, CH), 5.12 (2H, s, CH 2 ), 3.71 
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(3H, s, CH 3 )and 3.58 (3H, brs, NH) (exch.). 
Found: 	C, 72.3; H, 5.9; N, 17.5%; m/z (Elms), 397 (Mt). 
C 24H 23 N 5 0 requires: 	C, 72.5; H, 5.8; N, 17.6%; N, 397. 
The two phase mother-liquor was separated and the 
aqueous phase was further extracted with methylene 
chloride. The combined methylene chloride extracts were 
evaporated to give an oil which was triturated with ether 
to afford the aminotriazole (404b) (3.3 g; 47%) m.p. 
103-105 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample prepared in (i) before. 
The ethereal mother-liquor was evaporated to give an 
oil (2.1 g) whose t.1.c. in hexane over silica showed it 
to be an unresolvable multi-component mixture which 
therefore was not further investigated. 
(v) 	A stirred solution of sodium (1.2 g; 0.05 g.atom) 
in methanol (20.0 cm 3 ) was treated with a solution of 
benzyl cyanide (233a) (5.9 g; 0.05 mol) and the azide 
(363) (4.1 g; 0.025 mol) in methanol (30.0 cm 3 ) at room 
temperature then heated under ref lux for 3h. 
The resulting solution was evaporated and the residue 
was treated with water (15.0 cm 3 ) then extracted with 
methylene chloride to give a semi-solid. This was washed 
with ether to afford 5-amino-l-(3-methoxybenzyl)-4 -phenyl -
lH-1,2,3-triazole (404b) (4.8 g; 69%) m.p. 114-115°, 
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identical (m.p. and i.r. spectrum) to an authentic sample 
prepared in (i) before. 
The Attempted Reaction of 3-Methoxvbenzyl Azide (363) with 
Benzoylacetonitrile (403) in the Presence of Sodium 
Ethoxide 
A stirred solution of sodium (0.92 g; 0.04 mol) in 
anhydrous ethanol (20.0 cm 3 ) was treated with a solution 
of benzoylacetonitrile (403) (5.8 g; 0.04 mol) in 
anhydrous ethanol (30.0 cm 3 ) followed by the azide (363) 
(3.3 g; 0.02 mol) and the mixture was stirred at room 
temperature for 2h then heated under ref lux for 0.5h. 
The resulting solution was evaporated and the residue 
was treated with water (20.0 cm 3 ) then extracted with 
methylene chloride to give unreacted azide starting 
material (363) (3.2 g; 97%), identified by comparison 
(i.r. spectrum) with an authentic sample. 
The aqueous alkaline mother-liquor was acidified to 
litmus using 2M aqueous hydrochloric acid then extracted 
with methylene chloride to afford unreacted 
benzoylacetonitrile starting material (403) (5.2 g; 90%) 
ni.p. 75-77 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
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The Reaction of 3-Nethoxybenzyl Azide (363) with 
Phenylsuiphonylacetonitrile (229a) in the Presence of 
Sodium Ethoxide 
A stirred solution of sodium (0.92 g; 0.04 mol) in 
anhydrous ethanol (20.0 cm 3 ) was treated with a solution 
of phenylsulphonylacetonitrile (229a) (7.2 g; 0.04 mol) in 
anhydrous ethanol (30.0 cm 3 ) followed by the azide (363) 
(3.3 g; 0.02 mol) and the mixture was stirred at room 
temperature for 2h then heated under reflux for 0.5h. 
The resulting solution was evaporated and the residue 
was treated with water then extracted with methylene 
chloride to give a semi-solid. This was washed with ether 
to afford unreacted phenylsulphonylacetonitrile starting 
material (229a) (1.8 g; 25%) m.p. 102-104 0 , identical 
(m.p. and i.r. spectrum) to an authentic sample. 
The ethereal mother-liquor was evaporated to give an 
oil (4.1 g) which was combined with a gum (3.6 g) obtained 
by acidification of the aqueous alkaline mother-liquor and 
extraction with methylene chloride. The combined mixture 
was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) gave unreacted 
azide starting material (363) (1.6 g; 48%), identified by 
comparison (i.r. spectrum) with an authentic sample. 
Elution with hexane-ethyl acetate (6:4) gave an 
unidentified solid which was isomeric with the 
phenylsulphonylacetonitrile starting material (229a) (1.3 
g; 18%) which formed colourless plates m.p. 108-109 0 (from 
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ethyl acetate-light petroleum), vinax 2250 (CN) C1fl1, 6H 
(CDC1 3 ) 8.08-7.50 (5H, in, ArH) and 4.07 (2H, S, CH 2 ). 
Found: C, 	52.9; 	H, 3.9; N, 	7.7%; m/z 	(Elms), 	181 (Mt ). 
C 8 H 7 NO 2S requires: C, 53.0; 	H, 3.9; 	N, 	7.7%; N, 	181. 
Elution with hexane-ethyl acetate (1:1) afforded 
5-amino-l-(3-methoxybenzyl) -4-phenylsulphonyl--1H-]., 2,3-
triazole (404a) (0.32 g; 5%) which formed colourless 
plates m.p. 176-177 1 (from ethanol-ethyl acetate), "max 
3400-3100 br (NH) cm-1, 6H  (CDC1 3 ) 8.06-7.91 (2H, in, ArH), 
7.75-7.18 (4H, in, ArH), 6.94-6.79 (3H, m, ArH), 5.30 (2H, 
s, CH 2 ), 4.78 (2H, brs, NH 2 )( exch.) and 3.74 (3H, s, 
CH 0' 
Found: C, 55.6; H, 4.6; N, 16.2%; m/z (FABms), 345 (M+H)t 
C 16 H 16 N 4 0 3 S requires: 	C, 55.8; H, 4.6; N, 16.3%; M, 344. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of gums and oils (total 
4.4 g) whose t.l.c. in methylene chloride over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
Ethyl 5-Amino-l-(p-thenylbenzyl)-1H-1,2 . 3-triazole-4-
carboxylate (434) 
A stirred solution of sodium (2.3 g; 0.1 g.atom) in 
354 
anhydrous ethanol (100 cm 3 ) was treated with ethyl 
cyanoacetate (11.1 g; 0.1 mol) followed by the azide (433) 
(10.5 g; 0.05 mol) and the mixture was stirred at room 
temperature for 2h then heated under reflux for 0.5h. 
The resulting suspension was evaporated and the 
residue was treated with water then extracted with 
methylene chloride to give a gum (11.5 g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) gave a series 
of oils and solids (total 8.5 g) whose t.l.c. in hexane 
over silica showed them to be unresolvable multi-component 
mixtures which therefore were not further investigated. 
Elution with hexane-ethyl acetate (1:1) afforded ethyl 
5-amino-l-(cr-phenylbenzyl)-1H-1, 2, 3-triazole-4-carboxylate 
(434) (0.18 g; 1%) which formed colourless needles m.p. 
207-208 0 (from toluene), max  3450-3100 br (NH) and 1720 
(CO) cm', 6H  (CDC1 3 ) 7.43-7.11 (10H, m, ArH), 6.69 (lH, 
s, CII), 4.73 (2H, brs, NH 2 ), 4.37 (2H, q, J7Hz, CH 2 )and 
1.38 (3H, t, J7Hz, Cl 3 ). 
Found: 	C, 66.8; H, 5.3; N, 17.4%; m/z (Elms), 322 (M). 
C 18 H 18 N 40 2 requires: 	C, 67.1; H, 5.6; N, 17.4%; N, 322. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of gums and foams (total 
0.36 g) whose t.l.c. in ethyl acetate over silica showed 
them to be unresolvable multi-component mixtures which 
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therefore were not further investigated. 
Further work up of the aqueous alkaline mother-liquor 
gave no other identifiable product. 
The Attempted Reaction of 9-Azidofluorenone (436) with 
Ethyl Cyanoacetate in the Presence of Sodium Ethoxide 
A stirred solution of sodium (0.46 g; 0.02 g.atom) in 
anhydrous ethanol (20.0 cm 3 ) was treated with ethyl 
cyanoacetate (2.3 g; 0.02 mol) followed by 
9-azidofluorenone (436) (2.1 g; 0.01 mol) and the mixture 
was stirred at room temperature for 2h then heated under 
reflux for 0.5h. 
The resulting solution was evaporated and the residue 
was treated with water then extracted with methylene 
chloride to give a semi-solid (2.0 g) from which no 
identifiable material could be obtained and therefore was 
not further investigated. 
Further work up of the aqueous alkaline mother-liquor 
gave no identifiable material. 
The Attempted Reaction of 2-Phenylethyl Azide (439) with 
N,N-Dimethylcyanoacetamjde (229b) in the Presence of 
Sodium Nethoxide 
(i) 	A stirred solution of sodium (1.2 g; 0.05 g.atom) 
in methanol (20.0 cm 3 ) was treated with N,N-dimethyl 
cyanoacetamide (229b) (5.6 g; 0.05 mol) followed by the 
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azide (439) (7.4 g; 0.05 mol) and the mixture was heated 
under reflux for 3h. 
The resulting suspension was evaporated and the 
residue was treated with water then extracted with 
methylene chloride to give an oil (4.0 g) whose t.l.c. in 
hexane over silica showed it to be an unresolvable multi-
component mixture which therefore was not further 
investigated. 
Further work up of the aqueous alkaline mother-liquor 
gave no identifiable material. 
(ii) 	A stirred suspension of the azide (439) (1.5 g; 
0.01 mol) and N,N-dimethylcyanoacetamide (229b) (1.1 g; 
0.01 mol) in anhydrous ether was cooled to 00 (ice-salt 
bath) then treated dropwise, over 10 mm, with a solution 
of sodium (0.23 g; 0.01 g.atom) in methanol (5.0 cm 3 ) and 
the mixture was stirred in the melting ice bath for 17h. 
The resulting suspension was evaporated and the 
residue was treated with water (10.0 cm 3 ) then extracted 
with methylene chloride to give an oil (1.7 g) whose 
t.1.c. in hexane over silica showed it to be an 
unresolvable multi-component mixture which therefore was 
not further investigated. 
Further work up of the aqueous alkaline mother-liquor 
gave no identifiable material. 
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The Reaction of 1-Azidomethylnaphthalene (442) with Ethyl 
Cyanoacetate in the Presence of Sodium Ethoxide 
A stirred solution of sodium (2.3 g; 0.1 g.atom) in 
anhydrous ethanol (50.0 cm 3 ) was treated with ethyl 
cyanoacetate (11.3 g; 0.1 niol) followed by the azide (442) 
(0.2 g; 0.05 mol) and the mixture was stirred at room 
temperature for 2h then heated under reflux for 0.5h. 
The resulting solution was evaporated and the residue 
was treated with water (20.0 cm 3 ) and ethyl acetate 
(100 cm 3 ). The three phase mixture was filtered and the 
collected solid was acidified with 2M aqueous hydrochloric 
acid to afford 5-amino-1-(l-methylnaphthalene)-1H-1,2, 3-
triazole-4-carboxylic acid (443b) (3.4 g; 25%) as a 
colourless solid m.p. 169-171 0 (from glacial acetic acid), 
'max 3500-2500 br (NH and OH) and 1650 (CO) C1. 6H 
[(CD 3 ) 2 S0] 8.17-7.85 (3H, in, ArH), 7.65-7.35 (3H, in, ArH), 
7.00-6.90 (1H, in, ArH), 6.51 (2H, brs, NH 2 )( exch.) and 
5.89 (2H, s, CH 2)' 
Found: 	m/z (FABms), 269.1039 (N+H). 
C 14 H 12 N 4 0 2 requires: 	(M+H), 269.1038. 
The two phase mother-liquor was separated and the 
aqueous phase was further extracted with ethyl acetate. 
The combined ethyl acetate extracts were evaporated to 
give a semi-solid which was washed with ether to afford 
ethyl 5-amino-l-(1-methylnaphthalyl) -111-1,2, 3-triazole- 
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4-carboxylate (443a) (6.9 g; 47%) which formed colourless 
needles In.p. 170_1710 (from ethanol-ethyl acetate), "max 
3450-3100 br (NH 2 ) and 1690 (CO) cm - 1  , 6H (CDC13) 
8.07-7.81 (3H, m, ArH), 7.60-7.19 (4H, m, ArH), 5.81 (2H, 
S, CH 2 ), 4.87 (2H, brs, NH 2 ) ( exch.), 4.40 (2H, q, J7Hz, 
CH 2 ) and 1.34 (3H, t, J7Hz, CH 0' 
Found: C, 63.8; H, 6.4; N, 18.8%; m/z (Elms), 296.1275 (M+) 
C 6 B 16 N 4 O 2 requires: C, 64.9; H, 5.4; N, 18.9%; M, 296.1273 
The ethereal mother-liquor was evaporated to give a 
gum (1.5 g) whose t.1.c. in ethyl acetate over silica 
showed it to be an unresolvable multi-component mixture 
which therefore was not further investigated. 
Further work up of the aqueous alkaline mother-liquor 
gave no other identifiable product. 
The Diazotization of Ethyl 5-Amino-1-Arylmethyl-1H-1,2,3-
triazole-4-carboxylate Derivatives 
(a) In 2M Aaueous Nitric Acid 
A stirred suspension of the aminotriazole (311) (2.5 
g; 0.01 mol) in 2M aqueous nitric acid (20.0 cm 3 ) was-
cooled to 00 (ice-salt bath) then treated at 0-5 0 with a 
solution of sodium nitrite (0.76 g; 0.011 mol) in water 
and the mixture was stirred in the melting ice bath for 
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2h. 
The resulting suspension was filtered and the 
insoluble solid was collected to afford the unreacted 
starting material (311) (2.1 g; 83%) m.p. 154-156 0 , 
identical (m.p. and i.r. spectrum) to an authentic 
sample). 
The aqueous acidic mother-liquor was extracted with 
methylene chloride to give a trivial amount of an oil 
which was not further investigated. 
(b) In 2M Aqueous Sulphuric Acid and Glacial Acetic Acid 
A stirred solution of the aminotriazole (0.02 mol) in 
2M aqueous sulphuric acid (40.0 cm 3 ) and glacial acid 
(100 cm 3 ) was cooled to 0 0 (ice-salt bath) then treated 
dropwise at 0-5 0 with a solution of sodium nitrite (1.5 g; 
0.022 mol) in water (6.0 cm 3 ). The mixture was stirred in 
the melting ice bath for 2h then concentrated to 
approximately one third of its original volume and worked 
up as described for the individual reactions below. 
(i) 	The mixture from the diazotisation of the 
aminotriazole (311) was treated with water then extracted 
with methylene chloride. The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a gum which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (1:1) gave a series 
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of oils whose t.l.c. in ethyl acetate over silica showed 
them to be unresolvable multi-component mixtures which 
therefore were not further investigated. 
Further elution with hexane-ethyl acetate (1:1) gave 
ethyl 1-benzyl-1H-1,2,3-triazole-4-carboxylate (313) 
(yield 21%) which formed colourless needles m.p. 87-88 0 
(from benzene-light petroleum), umax  1715 (CO) cm-1, 6H 
(CDC1 3 ) 7.95 (1H, s, CH), 7.39-7.32 (3H, m, ArH), 
7.29-7.25 (2H, m, ArH), 5.56 (2H, s, CH 2 ), 4.38 (2H, q, 
J7Hz, CH 2 ) and 1.37 (3H, t, J7Hz, CH 0' 
Found: 	C, 62.3; H, 5.6; N,d 18.4%; m/z (Elms), 231 (Mt ). 
C 12H 13 N 3 0 2 requires: 	C, 62.3; H, 5.6; N, 18.2%; N, 231. 
Elution with hexane-ethyl acetate (4:6) gave ethyl 
1,2,3-triazolo[5,1--a]isoindolenine-3-carboxylate (312) 
(yield 33%) which formed grey coloured needles m.p. 
153-155 0 (from toluene), umax 1710 (CO) cm1, 6H  (CDC' 3)
8.32-8.27 (111, m, H-4), 7.58-7.52 (3H, m, ArH), 5.38 (2H, 
S, CH 2 ), 4.53 (2H, q, J7Hz, CH 2 ) and 1.51 (3H, t, J7Hz, 
CH 3 ), ãc (CDC1 3 ) 141.7 (quat.), 129.8 (CH), 129.1 (CH), 
126.7 (quat.), 124.5 (CH), 123.7 (CH), 61.2 (CH 2 ), 51.3 
(CH 2 ) and 14.3 (CH 3). 
361 
Found: C, 62.1; H, 4.8; N, 18.1%; m/z (FABms), 230.0929 
(M+H) + 
C 12H 11 N 30 2 requires: C, 62.9; H, 4.9; N, 18.3%; N-f-H, 
230.0929. 
Elution with hexane-ethyl acetate (3:7) through ethyl 
acetate to methanol gave a series of gums whose t.l.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
(ii) 	The mixture from the diazotisation of the 
aminotriazole (348) was treated with water then extracted 
with methylene chloride. The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a gum which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) gave a series 
of oils whose t.l.c. in hexane over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
Elution with hexane-ethyl acetate (6:4) afforded ethyl 
1-(3-nitrobenzyl)-1H-1,2, 3-triazole-4-carboxylate (350) 
(yield 40%) which formed colourless needles xn.p. 126-127 0 
(from ethyl acetate-light petroleum), 'max  1720 (CO) C1fl 1 ' 
6H (CDC1 3 ) 8.26-8.18 (2H, m, ArH), 8.10 (1H, S, CH), 
7.64-7.58 (2H, m, ArH), 5.70 (2H, S, CR 2 ), 4.39 (2H, q, 
362 
J7Hz, CH 2 )and 1.38 (3H, t, J7Hz, CH 0' 
Found: C, 52.2; H, 4.4; N, 20.2%; m/z (FABms), 277 (M+H)F. 
C 12 H 12 N 40 4 requires: 	C, 52.2; H, 4.4; N, 20.3%; M, 276. 
Elution with hexane-ethyl acetate (1:1) gave unreacted 
starting material (348) (yield 10%) m.p. 155-157 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
Elution with hexane-ethyl acetate (1:1) through ethyl 
acetate to methanol gave a series of gums whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
(iii) 	The mixture from the diazotisation of the 
aminotriazole (351) was basified to litmus using 50% w/v 
aqueous sodium hydroxide then extracted with methylene 
chloride to give a gum which was flash-chromatographed 
over silica. 
Elution with hexane-ethyl acetate (4:6) gave unreacted 
starting material (351) (yield 54%) m.p. 108-110°, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
Elution with hexane-ethyl acetate (3:7) through ethyl 
acetate to methanol gave a series of gums whose t.l.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
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The mixture from the diazotisation of the 
aminotriazole (355) was treated with water then extracted 
with methylene chloride. 	The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a gum whose t.l.c. 
in ethyl acetate over silica showed it to be an 
unresolvable multi-component mixture which therefore was 
not further investigated. 
The aqueous acidic mother-liquor was basified to 
litmus using 50% w/v aqueous sodium hydroxide at <100 (ice 
bath) then extracted with methylene chloride to give a 
semi-solid which was washed with ether to afford unreacted 
starting material (355) (yield 15%) m.p. 144-146°, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The ethereal mother-liquor was evaporated to give an 
intractable gum which yielded no identifiable material. 
The mixture from the diazotisation of the 
aminotriazole (359) was treated with water then extracted 
with methylene chloride. 	The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a gum which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (6:4) gave a series 
of oils whose t.l.c. in hexane over silica showed them to 
be unresolvable multi-component mixtures which therefore 
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were not further investigated. 
Further elution with hexane-ethyl acetate (6:4) afford 
ethyl 1-(3-methylbenzyl) -1H-1, 2, 3-triazole-4-carboxylate 
(361) (yield 8%) which formed colourless needles M.P. 
67-68 0 (from ethyl acetate-light petroleum), vmax 1720 
(CO) cm', oH (CDC' 3 )7.93 (111, S 1 CH), 7.28-7.07 (4H, rn, 
ArH), 5.50 (2H, s, Cl 2 ), 4.37 (2H, q, J7Hz, CH 2 ), 2.32 
(3H, s, Cl 3 ) and 1,36 (3H, t, J7Hz, CH 3 ). 
Found: C, 63.8; 11, 6.2; N, 17.4%; m/z (Elms), 245 (W). 
C 13H 15N 3 0 2 requires: 	C, 63.7; H, 6.1; N, 17.1%; N, 245. 
Continued elution with hexane-ethyl acetate (6:4) 
yielded ethyl 6-methyl-1,2 ,3-triazolo[5, 1-a) isoindolenine-
3-carboxylate (360) (yield 31%) which formed colourless 
needles M.P. 162-163 0 (from ethyl acetate), "max  1730 (CO) 
cnr', 0H  (CDC1 3 ) 8.13 (1H, d, J9Hz, H-4), 7.34-7.24 (2H, 
m, ArH), 5.31 (2H, s, CH 2 ), 4.52 (2H, q, J7Hz, CH 2 ), 2.45 
(311, s, CH 3 )and 1.40 (3H, t, J7Hz, CH 0' 
Found: C, 63.6; H, 5.3; N, 17.3%; m/z (Elms), 243.1015 (N) 
C 13H 13N 30 2 requires: C, 64.2; H, 5.3; N, 17.3%; N, 243.1008 
Further elution with hexane-ethyl acetate (6:4) 
yielded ethyl 4-methyl-1,2, 3-triazolo[5, 1-a]isoindolenine-
3-carboxylate (362) (yield 20%) which formed colourless 
needles 	M.P. 	147-148 0 	(from 	ethyl 	acetate-light 
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petroleum), umax  1730 (CO) cm-1, 6H  (CDC1 3 ) 7.33-7.25 (3H, 
m, ArH), 5.29 (2H, s, CH 2 ), 4.44 (2H, q, J7Hz, CH 2 ), 2.74 
(3H, s, CH 3 ) and 1.43 (3H, t, J7Hz, CH 3 ). 
Found: C, 64.0; H, 5.3; N, 17.4%; m/z (Elms), 243 (W). 
C 13 H 13 N 30 2 requires: 	C, 64.2; H, 5.3; N, 17.3%; M, 243. 
Elution with hexane-ethyl acetate (1:1) through ethyl 
acetate to methanol gave a series of gums and oils whose 
t.l.c. in ethyl acetate over silica showed them to be 
unresolvable multi-component mixtures which therefore were 
not further investigated. 
(vi) 	The mixture from the diazotisation of the 
aminotriazole (364) was treated with water then extracted 
with methylene chloride. The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a gum which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (1:1) afforded ethyl 
1-(3-methoxybenzyl)-1H-1, 2, 3-triazole-4-carboxylate (366) 
(yield 10%) which formed cream coloured needles m.p. 
67-68 0 (from benzene-light petroleum), vmax 1720 (CO) 
cm- ' ,  6H (CDC1 3 ) 7.94 (1H, s, CH), 7.30-7.19 (lH, m, ArH), 
6.95-6.78 (3H, m, ArH), 5.51 (2H, s, CH 2 ), 4.37 (211, q, 
J7Hz, Cl 2 ), 3.77 (3H, 5, CH 3 ) and 1.36 (3H, t, J7Hz, CH3). 
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Found: C, 59.5; H, 5.7; N, 16.2%; m/z (Elms), 261 (Mt). 
C 13 H 15 N 3 0 3 requires: 	C, 59.8; H, 5.7; N, 16.1%; M, 261. 
Elution with hexane-ethyl 	acetate 	(4:6) 	gave 
an inseparable 1:1 mixture of ethyl 6-methoxy-1,2,3-
triazolo[5, 1-a]isoindolenine-3-carboxylate (367) (yield 
4%) and ethyl 8-methoxy-1OH-1,2,3-triazolo[5,l--c]benzo-
1,2,4-triazepin-3-carboxylate (365) (yield 3%), identified 
by comparison ('H n.m.r. spectrum) with authentic samples. 
Further elution with hexane-ethyl acetate (4:6) 
yielded an inseparable 1:1 mixture of ethyl 4-methoxy-
1,2,3-triazolo[5,1-a]isoindolenine--3-carboxylate (368) 
and ethyl 6-methoxy-1,2, 3-triazolo[5, l-a]isoindolenine-3-
carboxylate (367) (yield 48%) as a light brown coloured 
solid m.p. 116-118° (from ethyl acetate-light petroleum), 
'max 1740 (CO) cm, oH (CDC1 3 ) 8.15 (1H, d, Jortho  10Hz, 
H-4 [para isomer]), 7.54-6.92 (2H, m, ArH [para isomer] 
and 3H, m, ArH [ortho isomer]), 5.31 (2H, s, CH  [para 
isomer] and 2H, s, CH  [ortho isomer]), 4.63-4.33 (2H, q, 
J7Hz, CH  [para isomer] and 2H, q, J7H2, CH  [ortho 
isomer]), 3.97 (3H, s, CH 3 ), 3.87 (3H, s, CH 3 ) and 
1.56-1.23 (3H, t, J7Hz, CH 3 ) [para isomer] and 3H, t, 
J7H2, CH  [ortho isomer]), 0c  (CDC1 3 ) 160.6 (quat.), 154.3 
(quat.), 145.1 (quat.), 143.8 (quat.), 141.0 (quat.), 
131.0 (CH), 130.6 (quat.), 128.9 (quat.), 124.6 (CH), 
118.5 (quat.), 115.3 (CH), 114.0 (CH), 110.7 (CH), 109.2 
(CH), 60.6 (CH 2 ), 60.5 (CH 2 ), 55.2 (CH 3 ), 50.9 (CH 2 ), 50.4 
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(CH 2.) and 13.9 (CH 0' 
Found: C, 59.9; H, 5.0; N, 16.2%; m/z (Elms), 259 (M). 
C 13 H 13 N 3 0 3 requires: 	C, 60.2; H, 5.0; N, 16.2%; M, 259. 
Elution with hexane-ethyl acetate (1:1) through ethyl 
acetate to methanol gave a series of oils whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore was not further 
investigated. 
(vii) 	The mixture from the diazotisation of the 
aminotriazole (411) was treated with water then extracted 
with methylene chloride. The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a gum which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded ethyl 
1-(4-methoxybenzyl)-1H-1,2, 3-triazole-4-carboxylate (412) 
(yield 30%) which formed colourless needles m.p. 92-93 0 
(from ethyl acetate), "max  1720 (CO) cm -1 , oH (CDC1 3 ) 7.90 
(1H, s, CH), 7.28-7.17 (2H, m, ArH), 6.93-6.82 (2H, in, 
ArH), 5.47 (2H, s, CH 2 ), 4.35 (2H, q, J7Hz, CH 2 ), 3.78 
(3H, s, CH 3 ) and 1.35 (38, t, J7Hz, CH 3 ). 
Found: C, 59.7; H, 5.8; N, 16.1%; m/z (Elms), 261 (M). 
C 13 H 15 N 3 0 3 requires: 	C, 59.8; H, 5.8; N, 16.1%; M, 261. 
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Elution with hexane-ethyl acetate (6:4) gave ethyl 5-
methoxy-1, 2, 3-triazolo[5, 1-a] isoindolenine-3-carboxylate 
(413) (yield 39%) which formed colourless needles m.p. 
147-149 0 (from ethyl acetate), umax  1730 (CO) cm', oH 
(CDC1 3 ) 7.80 (lH, d, Jmeta  2Hz, H-4), 7.36 (1H, d, Jortho 
9Hz, H-7), 7.01 (1H, dd, Jmeta  2Hz,  Jortho  9Hz, H-6), 5.28 
(2H, s, CH 2 ), 4.50 (2H, q, J7Hz, CH 2 ), 3.90 (3H, s, CH 3)
and 1.48 (3H, t, J7Hz, CH 0' 
Found: C, 59.7; H, 5.1; N, 16.2%; m/z (Elms), 259.0960 (Mt) 
C 13 N 3 N 3Q 3 requires: C, 60.2; H, 5.0; N, 16.2%; M, 259.0957 
Elution with hexane-ethyl acetate (1:1) through ethyl 
acetate to methanol gave a series of gums whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
(viii) 	The mixture from the diazotisation of the 
aminotriazole (421) was treated with water then extracted 
with methylene chloride. The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a gum which was 
flash- chromatographed over silica. 
Elution with hexane-ethyl acetate (1:1) afforded ethyl 
1-(3, 4-dimethoxybenzyl) -1H-1, 2, 3-triazole-4-carboxylate 
(423) (yield 14%) which formed cream coloured needles m.p. 
103-104 0 (from ethyl acetate), vmax 1720 (CO) CTfl, 6H 
(CDC1 3 ) 7.91 (1H, s, CH), 6.86-6.77 (3H, m, ArH), 5.47 
(2H, s, CH 2 ), 4.36 (2H, q, J7Hz, CH 2 ), 3.86 (3H, S, CH 01 
3.81 (3H,, s, CF! 3 ), 3.81 (3H, s, CH 3 ) and 1.35 (3H, t, 
37Hz, Cl! 3 ). 
Found: 	C, 57.4; H, 5.8; N, 14.4%; m/z (Elms), 291 (M+). 
C 14 H 17 N 3 0 4 requires: 	C, 57.7; H, 5.8; N, 14.4%; M, 291. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of solids and gums whose 
t.1.c. in ethyl acetate over silica showed them to be 
unresolvable multi-component mixtures which therefore were 
not further investigated. 
(ix) 	The mixture from the diazotisation of the 
aminotriazole (426) was treated with water then extracted 
with methylene chloride. 	The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate and 
once with water then evaporated to give a semi-solid. 
This was washed with ether to 	afford ethyl 
5, 6-methylenedioxy-1,2, 3-triazolo[5, 1-a]isoindolenine-3-
carboxylate (428) (yield 81%) which formed pale purple 
coloured needles m.p. 246-247 0 (from glacial acetic acid), 
umax 1725 (CO) cm-1, 6H  [(CD 3 ) 2S0J 7.54 (1H, s, H-4), 7.31 
(1H, s, H-7), 6.17 (2H, s, CH 2 ), 5.50 (2H, s, Cu 2 ), 4.42 
(211, q, 37Hz, CH 2 ) and 1.38 (3H, t, 37Hz, CH 0' 
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Found: C, 56.5; H, 4.1; N, 15.3%; m/z (Elms), 273.0747 (M+) 
C 13 H 11 N 3 0 4 requires: C, 57.1; H, 4.0; N, 15.4%; M, 273.0750 
The ethereal mother-liquor was evaporated to give a 
gum which was flash-chromatographed over silica. 
Elution with hexane-ethyl 	acetate 	(1:1) 	gave 
ethyl 1-(3,4-methylenedioxybenzyl)-1H-1, 2, 3-triazole-4-
carboxylate (427) (yield 6%) which formed pale yellow 
coloured needles m.p. 116-117 0 (from ethyl acetate), "max 
1700 (CO) cm1, 6  H (CDC 1 3 ) 7.92 (lH, s, CII), 6.79-6.73 
(311, m, ArH), 5.96 (2H, s, CH 2 ), 5.44 (211, s, Cl 2 ), 4.38 
(2H, q, J7Hz, Cl 2 ) and 1.28 (3H, t, J7Hz, CH 0' 
Found: C, 56.6; H, 4.7; N, 15.3%; m/z (Elms), 275 (M+). 
C 13 11 13 N 30 4 requires: 	C, 56.7; H, 4.7; N, 15.3%; N, 275. 
Further elution with hexane-ethyl acetate (1:1) 
yielded unreacted starting material (426) (yield 8%) m.p. 
169-171 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of gums whose t.l.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
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(c) In Concentrated Sulphuric Acid and Glacial Acetic Acid 
A stirred solution of the aminotriazole (0.01 mol) in 
glacial acetic acid (25.0 cm 3 ) was treated dropwise with 
concentrated sulphuric acid (8.0 cm 3 ) at <300 (water bath) 
then cooled to 00 (ice-salt bath). A solution of sodium 
nitrite (0.75 g; 0.011 mol) in water (2.5 cm 3 ) was added 
dropwise, with stirring, at 0-5 0 and the mixture was 
stirred in the melting ice bath for 2h then treated with 
water (25.0 cm 3 ). The resulting solution was concentrated 
to approximately one half of the original volume then 
worked up as described for the individual reactions below. 
(i) 	The mixture from the diazotisation of the 
aminotriazole (311) was extracted with methylene chloride. 
The extract was washed three times with 10% w/v aqueous 
sodium hydrogen carbonate and once with water then 
evaporated to give a gum which was flash-chromatographed 
over silica. 
Elution with hexane-ethyl acetate (7:3) gave ethyl 
1-benzyl-1H-1,2,3-triazole-4-carboxylate (313) (yield 16%) 
m.p. 70-72 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample prepared in (b) before. 
Elution with hexane-ethyl acetate (6:4) afforded 
ethyl 1, 2,3-triazolo[5, 1-a] isoindolenine-3--carboxylate 
(312) (yield 58%) m.p. 144-146 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared in (b) before. 
Further elution with hexane-ethyl acetate (6:4) 
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through ethyl acetate to methanol gave a series of gums 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
The mixture from the diazotisation of the 
aminotriazole (351) was basified to litmus using a 50% w/v 
aqueous sodium hydroxide solution then filtered to remove 
some insoluble inorganic salts and the filtrate was 
extracted with methylene chloride to give a gum which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (4:6) gave a series 
of oils whose t.1.c. in ethyl acetate over silica showed 
them to be unresolvable multi-component mixtures which 
therefore were not further investigated. 
Further elution with hexane-ethyl acetate (4:6) 
yielded the unreacted starting material (351) (yield 24%) 
m.p. 111-113 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Elution with hexane-ethyl acetate (3:7) through ethyl 
acetate to methanol gave a series of gums whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
The mixture from the diazotisation of the 
aminotriazole (355) was basified to litmus using a 50% w/v 
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aqueous sodium hydroxide solution then filtered to remove 
some insoluble inorganic salts and the filtrate was 
extracted with methylene chloride to give a gum which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) gave an 
intractable oil which decomposed on standing and therefore 
was not further investigated. 
Elution with hexane-ethyl acetate (1:9) afforded ethyl 
1- (pyrid-4-yl-lnethyl) -lH-1, 2, 3-triazole-4-carboxylate 
(356) (yield 17%) as a colourless powder m.p. 110_111 0 
(from ethyl acetate), 'max  1720 (CO) C1fl, 6H  (CDC13) 
8.63-8.56 (2H, m, ArH), 8.06 (1H, s, CH), 7.13-7.06 (2H, 
m, ArH), 5.59 (2H, s, Cl! 2 ), 4.38 (2H, q, J7Hz, CH 2 ) and 
1.35 (3H, t, J7Hz, CH 0' 
Found: C, 56.9; H, 5.2; N, 24.0%; m/z (FABms), 233 (M+H). 
C 11 H 12 N 4 0 2 requires: 	C, 56.9; H, 5.2; N, 24.1%; N, 232. 
Further elution with hexane-ethyl acetate (1:9) 
yielded unreacted aminotriazole starting material (355) 
(yield 15%) m.p. 161-163 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
Elution with ethyl acetate through to methanol gave a 
series of intractable foams and gums which yielded no 
identifiable material. 
(iv) 	The mixture from the diazotisation of the 
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aminotriazole (359) was extracted with methylene chloride 
and the extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a gum which was flash-chromatographed 
over silica. 
Elution with hexane-ethyl acetate (6:4) gave ethyl 
1-(3-methylbenzyl)-1H-1,2, 3-triazole-4-carboxylate (361) 
(yield 13%) xn.p. 65-67 0 , identical (M-p- and i.r. 
spectrum) to an authentic sample prepared in (b) before. 
Further elution with hexane-ethyl acetate (6:4) 
afforded an inseparable 1:1 mixture of ethyl 4-methyl-
1,2,3-triazolo[1,5-a)isoindolenine-3-carboxylate (362) 
and ethyl 6-methyl-1,2,3-triazolo[5, l-a]isoindolenine-3-
carboxylate (360) (yield 47%) m.p. 123-156 0 , identified by 
comparison ( 1 H n.xnr. spectrum) with authentic samples 
prepared in (b) before. 
Elution with hexane-ethyl acetate (1:1) through ethyl 
acetate to methanol gave a series of gums whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
(v) 	The mixture from the diazotisation of the 
aminotriazole (411) was extracted with methylene chloride 
and the extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a gum which was flash-chromatographed 
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over silica. 
Elution with hexane-ethyl 	acetate 	(8:2) 	gave 
4-methoxybenzaldehyde (414) (yield 66%), identified by 
comparison (i.r. and 111 n.in.r. spectra) with an authentic 
sample. 
Elution with hexane-ethyl acetate (1:1) afforded ethyl 
(a-diazo)cyanoacetate (415) (yield 30%) which formed 
colourless plates m.p. 63-64 0 (from toluene), umax  2200 
(N 2+) and 1740 (CO) cm-1, 5H  (CDC1 3 ) 4.38 (2H, q, J7Hz, 
CH 2 ) and 1.34 (311, t, J7Hz, CH 3)' 
Found: 	m/z (Elms), 139.0386 (Mt). 
C 5 H 5 N 3 0 2 requires: 	M, 139.0382. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of intractable oils 
which yielded no identifiable material. 
The Attempted Reaction of Ethyl 1,2,3-triazolol5 1-a 
isoindolenine-3-carboxylate (312) with 2M Aqueous 
Hydrochloric Acid 
A stirred suspension of the triazoloisoindolenine 
(312) (0.46 g; 0.002 mol) in ethanol (10.0 cm 3 ) was 
treated with 2M aqueous hydrochloric acid (2.5 cm 3 ) and 
the mixture was heated under reflux for lh. 
The resulting solution was evaporated and the residue 
was treated with water then extracted with methylene 
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chloride to afford unreacted starting material (312) 
(0.42 g; 91%) M.P. 136-138 0 , identical (M.P. and i.r. 
spectrum) to an authentic sample. 
12. 3-TriazoloF5. 1-alisoindolenine-3-carboxylic Acid 
(314b) 
A stirred solution of the triazoloisoindolenine (312) 
(2.3 g; 0.001 mol) in ethanol (45.0 cm 3 ) was heated to 
reflux then treated with 2M aqueous sodium hydroxide 
(12.5 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting solution was evaporated and the residue 
was treated with 2M aqueous hydrochloric acid (12.5 cm 3 ). 
The mixture was filtered and the insoluble solid was 
collected to afford 1,2, 3-triazolo[5, 1-a]isoindolenine-3-
carboxylic acid (314b) (1.9 g; 95%) which formed 
colourless needles M.P. 141-142 0 (decomp.) (from 
methanol), "max 3600-2600 br (OH) and 1680 (CO) cm-1, 6H 
[(CD 3 ) 2SO] 8.22-8.12 (1H, m, H-4), 7.78-7.51 (3H, m, ArH) 
and 5.63 (2H, s, CH 2 ). 
Found: C, 59.4; H, 3.6; N, 20.9%; m/z (Elms), 201 (M). 
C 10 H 7 N 3 0 2 requires: 	C, 59.7; H, 3.5; N, 20.9%; N, 201. 
1,2,3-Triazolof5,1-alisoindolenine (315) 
(i) 	A stirred suspension of the triazoloisoindolenine 
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(314b) 	(0.20 g; 	0.001 mol) 	in dimethoxyethylether 
(diglyme) (10.0 cm 3 ) was heated under ref lux for lh. 
The resulting mixture was hot-filtered to remove a 
trace of an insoluble impurity then evaporated to give a 
gum (0.20 g) which was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (9:1) 
afforded 1,2,3-triazolo[5,1-a]isoindolenine (315) (0.08 g; 
51%) which formed green plates m.p. 92-93 0 (from benzene-
light petroleum), oH (CDC1 3 ) 7.81 (1H, s, CH), 7.67-7.63 
(111 6 m, H-4), 7.54-7.40 (3H, m, ArH) and 5.33 (2H, s, 
Cl!2), 0c  (CDC1 3 ) 142.7 (quat.), 140.9 (quat.), 128.7 (CH), 
128.3 (CH), 127.5 (quat.), 124.2 (CH), 124.0 (CH), 121.6 
(CH) and 50.9 (CH 2)' 
Found: C, 68.7; H, 4.4; N, 26.9%; m/z (Elms), 157 (W). 
C 9 H 7 N 3 requires: 	C, 68.8; H, 4.5; N, 26.8%; N, 157. 
Elution with methylene chloride-ethyl acetate (8:2) 
through ethyl acetate to methanol gave a series of gums 
(total 0.12 g) whose t.l.c. in ethyl acetate over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
(ii) 	A solution of the triazoloisoindolenine (314b) 
(0.46g; 0.002 mol) in ethanol (200 cm 3 ) was irradiated 
under nitrogen at 254 nm in a Hanova medium pressure 
photochemical reactor for 2h. 
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The resulting solution was evaporated to give a gum 
(0.35 g) which was flash-chromatographed over silica. 
Elution with methylene chloride-ethyl acetate (9:1) 
afforded 1,2,3-triazolo[1,5-a]isoindolenine (315) (0.23 g; 
73%) m.p. 90-92 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample prepared in (1) before. 
Elution with methylene chloride-ethyl acetate (8:2) 
through ethyl acetate to methanol gave a series of 
intractable gums (total 0.12 g) which yielded no 
identifiable material. 
The Attempted Photolysis of Sodium 12.3-Triazolor5,1-al 
isoindolenine-3-carboxvlate (314a 
A stirred solution of sodium (0.05 g; 0.002 g.atom) in 
anhydrous ethanol (10.0 cm 3 ) was treated with small 
portions of the triazoloisoindolenine (314b) (0.40 g; 
0.002 md) and the suspension was heated until all of the 
suspended solid had dissolved (Ca 5 mm). The resulting 
solution was evaporated and the residue was dissolved in 
water (200 cm 3 ) then irradiated under nitrogen at 254 nm 
in a Hanova medium pressure photochemical reactor for lh. 
The resulting solution was evaporated and the residue 
was acidified to litmus using 2M aqueous hydrochloric 
acid. The mixture was filtered and the insoluble solid 
was collected to afford unreacted starting material (314b) 
(0.24 g; 60%) m.p. 137-139 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
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The Attempted Singlet State Photolysis of Ethyl 1,2,3-
Triazolor 1.5-a) isoindolenine-3-carboxylate (312) 
(I) 	A solution of the triazoloisoindolenine (312) 
(0.46 g; 0.002 mol) in ethanol (200 cm 3 ) was irradiated 
under nitrogen at 254 nm in a Hanova medium pressure 
photochemical reactor for 2h. 
The resulting solution was evaporated to give 
unreacted starting material (312) (0.45 g; 91%) m.p. 
146-148°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Attempted Triplet State Photolvsis of Ethyl 1.2.3-
Triazolor5. 1-al isoindolenine-3-carboxvlate (312 
•A solution of the triazoloisoindolenine (312) (0.46 g; 
0.002 mol) in Analar acetone (200 cm 3 ) was irradiated 
under nitrogen at 245 nm in a Hanova medium pressure 
photochemical reactors for 3h. 
The resulting solution was evaporated to afford the 
unreacted starting material (312) (0.46 g; 100%) m.p. 
148-150°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
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The Attempted Reaction of 12,3-Triazolof5.1-al 
isoindolenine-3-carboxylic Acid (314b) with Glacial 
Acetic Acid 
A stirred suspension of the triazoloisoindolenine 
(314b) (0.40 g; 0.002 mol) in glacial acetic acid 
(5.0 cm 3 ) was heated under reflux for 3h. 
The resulting solution was evaporated to give an 
intractable tar (0.32 g) which yielded no identifiable 
material. 
The Attempted Reaction of 1.2,3-Triazolol5,1-aJ 
isoindolenine-3-carboxylic Acid (314b) with Acetyl 
Chloride in the Presence of Glacial Acetic Acid 
A stirred suspension of the triazoloisoindolenine 
(314b) (0.40 g; 0.002 mol) in glacial acetic acid 
(5.0 cm 3 ) and acetyl chloride (7.5 cm 3 ) was heated under 
reflux for 2h. 
The resulting suspension was evaporated to give an 
intractable tar (0.48 g) which yielded no identifiable 
material. 
The Attempted Reaction of 12.3-Trjazolol5,1-al 
isoindolenine-3--carboxvlic Acid (314b) with Sodium 
Dithionite in the Presence of Glacial Acetic Acid 
A stirred suspension of the triazoloisoindolenine 
(314b) 	(0.40 g; 0.002 mol) in glacial acetic acid 
(5.0 cm 3 ) was treated with sodium dithionite (0.40 g) and 
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the mixture was heated under ref lux for 0.5h then treated 
with a second portion of sodium dithionite (0.40 g) and 
heated under reflux for a further 0.5h. 
The resulting mixture was evaporated and the residue 
was treated with water then extracted with methylene 
chloride to give an intractable tar (0.38 g) which yielded 
no identifiable material. 
The Attempted Reaction of 12,3-Triazolor5,1-al 
isoindolenine-3-carboxylic Acid (314b) with Concentrated 
Hydrochloric Acid 
A stirred solution of concentrated hydrochloric acid 
(5.0 cm 3 ) was treated with small portions of the 
triazoloisoindolenine (314b) (0.40 g; 0.002 mol) and the 
mixture was stirred, with exclusion of atmospheric 
moisture, at room temperature for 17h. 
The resulting suspension was filtered and the 
insoluble solid was collected then washed with water to 
afford the unreacted starting material (314b) (0.30 g; 
75%) m.p. 144-146 0 , identical (m.p. and i.r. spectrum) to 
an authentic sample. 
123-Triazolor5, 1-alisoindolenine Hydrochloride (320a 
A stirred solution of concentrated hydrochloric acid 
(5.0 cm 3 ) was treated with small portions of the 
triazoloisoindolenine (315) (0.31 g; 0.002 mol) and the 
mixture was stirred at room temperature for 17h. 
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The resulting suspension was evaporated to give the 
1,2,3-triazolo[5, l-a]isoindolenine hydrochloride salt 
(320a) (0.39 g; 100%) as a colourless solid m.p. 149_1510 
(from ethanol), umax 2500-1800 br (HC1) cm-1, 5H 
[(CD 3 ) 2 SO) 7.97 (1H, s, CH), 7.85-7.40 (4H, m, ArH) and 
5.53 (2H, s, CH 2)1 oH [(CD 3 ) 2S0 and D 20  [lH, 7.97(s) and 
7.95(s)], 7.85-7.40 (4H, m, ArH) and [2H, 5.51(s) and 
5.48(s)]. 
The Reaction of 12 3-Triazolol5. 1-al isoindolenine (315) 
with Borontrifluoride Etherate 
A stirred solution of the triazoloisoindolenine (315) 
(0.08 g; 0.0005 mol) in anhydrous benzene (2.5 cm 3 ) was 
treated with borontrifluoride etherate (1.8 g; 0.026 mol) 
and the mixture was stirred, with exclusion of atmospheric 
moisture, at room temperature for 5 mm. 
The resulting suspension was filtered and the 
insoluble solid was collected to afford a borontrifluoride 
complex (0.10 g) as a light purple coloured solid m.p. 
233-235 0 (decomp.), 0H  [(CD 3 ) 2 S0] 8.01 (1H, s, CH), 
7.82-7.78 (1H, in, H-4), 7.66-7.45 (3H, in, ArH) and 5.55 
(2H, s, CH 2 ), o [ ( CD 3 ) 2 S0] 142.6 (quat.), 142.2 (quat.), 
128.6 (CH), 128.5 (CH), 128.4 (CH), 127.0 (quat.), 124.7 
(CH), 124.1 (CH), 121.7 (CH) and 51.3 (CH 
2)1 0B [(CD 3 ) 2 S0] 
0.49 (q, J3Hz) and -0.23 (q, J3H2). 
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The Attempted Coupling of 12,3-Triazolol5,1-al 
isoindolenine (315) with Benzenediazonium Chloride 
A stirred solution of aniline (0.1 g; 0.0011 mol) in 
5M aqueous hydrochloric acid (0.5 cm 3 ) was cooled to 0 0 
(ice-salt bath) then treated dropwise at 0-5 0 with a 
solution of sodium nitrite (0.08 g; 0.0011 mol) in water 
(0.25 cm 3 ). The solution was stirred at 0-5 0 for 
5 min then added to a stirred solution of the 
triazoloisoindolenine (315) (0.16 g; 0.001 mol) and fused 
sodium acetate (0.21 g; 0.0025 mol) in water (0.5 cm 3 ) and 
ethanol (2.5 cm 3 ) at 0 0 (ice-salt bath). The solution was 
then stirred in the melting ice bath for 2h. 
The resulting mixture was evaporated and the residue 
was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to give an oil. This was triturated 
with ether to afford the unreacted starting material (315) 
(0.14 g; 88%) m.p. 83-85 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
Evaporation of the ethereal mother-liquor gave a 
trivial amount of gum which was not further investigated. 
The Diazotisation of 5-Amino-1-benzyl-1H-1, 2 , 3-triazole-
4- (N. N-dimethvlcarboxamide) (323) 
(a) In Glacial Acetic Acid in the Presence of 214 Aaueous 
Sulphuric Acid 
A stirred solution of the aminotriazole (323) (5.0 g; 
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0.02 mol) in 2N aqueous sulphuric acid (40.0 cm 3 ) and 
glacial acetic acid (100 cm 3 ) was cooled to 0 0 (ice-salt 
bath) then treated dropwise at 0-5 0 with a solution of 
sodium nitrite (1.5 g; 0.022 mol) in water (6.0 cm 3 ) and 
the mixture was stirred in the melting ice bath for 2h. 
The resulting solution was concentrated to 
approximately one third of its original volume then 
treated with water (10.0 cm 3 ) and extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 10.0 cm 3 ) and once 
with water (10.0 cm 3 ) then evaporated to give a gum 
(5.1 g) which was flash-chroinatographed over silica. 
Elution with hexane-ethyl acetate (4:6) gave N,N-
dimethyl-1, 2, 3-triazolo [5, 1-a] isoindolenine-3-carboxamide 
(317) (0.74 g; 16%) which formed colourless needles m.p. 
145-147 0 (from toluene-light petroleum), umax  1630 (CO) 
cm11 6H  (CDC1 3 ) 8.42-8.38 (1H, m, H-4), 7.54-7.43 (3H, m, 
ArH), 5.34 (2H, s, CH 2 ), 3.67 (3H, s, CH 3 ) and 3.19 (3H, 
S, CH 0' 
Found: C, 63.4; H, 5.4; N, 24.4%; in/z (Elms), 228 (M). 
C 12 .11 12 N 40 requires: 	C, 63.2; H, 5.3; N, 24.6%; M, 228. 
Further 	elution 	with 	hexane-ethyl 	acetate 
(4:6) afforded 1-benzyl-1H-1, 2,3-triazole-4- (N-methyl 
carboxaniide (325) (0.35 g; 8%) as a colourless powder m.p. 
191-193 10 (from toluene), "max  3300 br (NH) and 1640 (CO) 
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C1 	6H  (CDC1 3 ) 7.95 (1H, s, CH), 7.41-7.17 (5H, rn, ArH), 
5.51 (2H, s, CH 2 ) and 2.94 (3H, s, CH 3 ). 
Found: C, 60.9; H, 5.6; N, 26.0%; m/z (Elms), 216 (Mt). 
C 11 H 12 N 40 requires: 	C, 61.6; H, 5.6; N, 25.9%; M, 216. 
Elution with hexane-ethyl acetate (3:7) through ethyl 
acetate to methanol gave a series of intractable foams and 
gums which yielded no other identifiable material. 
(b) In Glacial Acetic Acid in the Presence of 
Concentrated Sulphuric Acid 
A stirred solution of the aminotriazole (323) (2.5 g; 
0.01 mol) in glacial acetic acid (25.0 cm 3 ) was treated 
dropwise at <30 0 (water bath) with concentrated sulphuric 
acid (8.0 cm 3 ) then cooled to 0 0 (ice-salt bath). A 
solution of sodium nitrite (0.76 g; 0.011 inol) in water 
(2.5 cm 3 ) was added dropwise, with stirring, at 0-5 0 and 
the mixture was stirred in the melting ice bath for 2h. 
The resulting solution was diluted with water 
(25.0 cm 3 ) then concentrated to approximately one half of 
its original volume and extracted with methylene chloride. 
The extract was washed twice with 10% w/v aqueous sodium 
hydrogen carbonate (2 x 25.0 cm 3 ) and once with water 
(25.0 cm 3 ) then evaporated to give a semi-solid which was 
washed with ether to afford 1-benzyl-1H-1,2,3-triazole-4-
(N-methylcarboxamide) (325) (1.2 g; 51%) m.p. 190-1920, 
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identical (m.p. and i.r. spectrum) to an authentic sample 
prepared in (a) before. 
Evaporation of the ethereal mother-liquor gave a gum 
(0.86 g) whose t.l.c. in ethyl acetate over silica showed 
it to be an unresolvable multi-component mixture which 
therefore was not further investigated. 
3-(3-Nethoxvbenzyl)-3H-1,2.3-triazolol4.5-dl-1.2.3-
triazin-7 (6H)-one (399) 
(i) 	A stirred solution of the aminotriazole (397) 
(2.5 g; 0.01 mol) in 2M aqueous sulphuric acid (20.0 cm 3 ) 
and glacial acetic acid (50.0 cm 3 ) was cooled to 0 0 
(ice-salt bath) then treated dropwise at 0-5 0 with a 
solution of sodium nitrite (0.76 g; 0.011 mol) in water 
(3.0 cm 3 ) and the mixture was stirred in the melting ice 
bath for 2h. 
The 	resulting 	solution 	was 	concentrated 	to 
approximately one third of its original volume then 
treated with water (20.0 cm 3 ) and extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 20.0 cm 3 ) and once 
with water (10.0 cm 3 ) then evaporated to give a semi-solid 
(2.6 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (1:1) gave only a 
series of intractable oils (total 0.22 g) which yielded no 
identifiable material. 
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Elution with ethyl acetate gave the unreacted 
aminotriazole starting material (397) (0.28 g; 11 9*) m.p. 
174-176°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Further elution with ethyl acetate yielded 3-(3-
methoxybenzyl)-3H-1,2, 3-triazole[4,5-dJ-1,2, 3-triazin-7 
(6H)one (399) (1.2 g; 47%) as a yellow powder m.p. 
218-220 0 (from glacial acetic acid), umax  3500-3100 br 
(NH) and 1680 (CO) cm -1 , 
oH 
[(CD 3 ) 2S01 11.9 (1H, brs, NH) 
(exch.), 8.06-7.73 (2H, m, ArH), 7.29-7.17 (2H, m, ArH), 
5.63 (2H, s, CH 2 ) and 3.89 (3H, s, CH 0' 
Found: C, 50.6; H, 3.9; N, 32.5%; m/z (Elms), 258.0863 (M+) 
C 11 H 10 N 6 0 2 requires: C, 51.2; H, 3.9; N, 32.6%; M, 258.0865 
Final elution with methanol gave only a small amount 
of a gummy semi-solid (0.08 g) from which no 
characterisable material could be obtained. 
(ii) 	A stirred solution of the aminotriazole (397) 
(2.5 g; 0.01 mol) in glacial acetic acid (50.0 cm 3 ) was 
treated dropwise at <30 0 (water bath) with concentrated 
sulphuric acid (8.0 cm 3 ) then cooled to 0 0 . A solution of 
sodium nitrite (0.76 g; 0.011 mol) in water (2.5 cm 3 ) was 
added dropwise, with stirring, at 0-5 0 and the mixture was 
stirred in the melting ice bath for 2h. 
The resulting suspension was diluted with water 
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(25.0 cm 3 ) then concentrated to approximately one half of 
its original volume and extracted with methylene chloride. 
The extract was washed twice with 10% w/v aqueous sodium 
hydrogen carbonate (2 x 20.0 cm 3 ) then evaporated to give 
the unreacted starting material (397) (1.8 g; 72%) m.p. 
170-172°, identical (m.p. and i.r. spectrum to an 
authentic sample. 
Acidification of the aqueous sodium hydrogen carbonate 
washings with 2M aqueous hydrochloric acid precipitated a 
solid, which was combined with further solid material 
obtained by extraction of the aqueous acidic mother-
liquor with methylene chloride, to afford 
3- (3-methoxybenzyl) -3H-1, 2, 3-triazolo[4, 5-d]-1, 2,3- 
triazin-7(6H)-one (399) (total 0.61 g; 23%) m.p. 218_2200, 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared in (i) before. 
1-Benzyl-1H-1 .2 . 3-triazole-4- (N,N-dimethylcarboxamide) -5-
diazoniuju Fluoborate (340) 
A stirred solution of the aminotriazole (323) (0.49 g; 
0.002 mol) in 40% v/v aqueous fluoboric acid (5.0 cm 3 ) was 
cooled to 00 (ice-salt bath) then treated dropwise at 0-5 0 
with a solution of sodium nitrite (1.0 g; 0.015 mol) in 
water (5.0 cm 3 ) and the mixture was stirred in the melting 
ice bath for 10 mm. 
The resulting suspension was filtered and the 
insoluble solid was collected to afford 1-benzyl-1H-1,2,3- 
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triazole-4- (N,N-dimethylcarboxamide) -5-diazoniuin 
fluoborate (340) (0.36 g; 52%) as an unstable yellow solid 
m.p. 129_1310, 'max 2250 (N 2 ) cm -1 which was used without 
further purification. 
The Attempted Thermolvsis of 1-Benzyl-1H-l2.3-triazole-
4- (N,N-dimethylcarboxamide)-5-diazonium Fluoborate (340) 
in Acetonitrile 
A stirred solution of the diazonium salt (340) 
(0.30 g) in acetonitrile (5.0 cm 3 ) was heated under reflux 
for 8h. 
The resulting solution was evaporated to give an 
intractable tar (0.31 g) which yielded no identifiable 
material. 
The Attempted Reaction of N,N-Dimethyl-1,2,3- 
triazolof5, 1-a]isoindolenine-3-carboxamide (317) with 
Glacial Acetic Acid 
A stirred solution of the triazoloisoindolenine (317) 
(0.23 g; 0.001 mol) in glacial acetic acid (5.0 cm 3 ) was 
heated under reflux for 3h. 
The resulting solution was evaporated to give a gum 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (3:7) gave the 
unreacted starting material (317) (0.17 g; 74%) m.p. 
135-140°, identified by comparison (M-p- and i.r. 
spectrum) with an authentic sample. 
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Elution with hexane-ethyl acetate (2:8) through ethyl 
acetate to methanol gave a series of gums (total 0.06 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
1-Benzyl-5-bromo-lH-1, 2, 3-triazole-4- (N.N-
dimethylcarboxamide) (341a) 
A stirred solution of the aminotriazole (323) (5.0 g; 
0.02 mol) in concentrated hydrobromic acid (60.0 cm 3 ) and 
glacial acetic acid (90.0 cm 3 ) was cooled to 0 0 (ice-salt 
bath) then treated dropwise at 0-5 0 with a solution of 
sodium nitrite (7.0 g; 0.1 mol) in water (20.0 cm 3 ) and 
the mixture was stirred in the melting ice bath for 100 
mm. 
The 	resulting 	solution 	was 	concentrated 	to 
approximately one half of its original volume then treated 
with water (100 cm 3 ) and extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 20.0 cm 3 ) and three 
times with water (3 x 20.0 cm 3 ) then evaporated to give a 
gum (5.3 g) which was flash-chromatographed over silica. 
Elution 	with 	hexane-ethyl 	acetate 	(3:7) 
afforded 1-benzyl-5-bromo-1H-1, 2, 3-triazole-4- (N,N-
dimethylcarboxamide) (341a) (4.4 g; 84%) which formed 
colourless plates M.P. 78-79 0 (from benzene-light 
petroleum), Pmax  1630 (CO) cm-1, 6H  (CDC1 3 ) 7.30 (5H, 5, 
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ArH), 5.55 (2H, s, CH 2 ), 3.29 (3H, s, CH 3 ) and 3.07 (3H, 
s, CH 3)' 
Found: 	m/z (Elms), 308.0278 and 310.0244 (Mt). 
C 12 H 13 BrN 4O requires: 	N, 308.0273 and 310.0254. 
Elution with hexane-ethyl acetate (2:8) through ethyl 
acetate to methanol gave a series of intractable solids 
and oils (total 0.31 g) which yielded no identifiable 
material. 
The Attempted Reaction of 1-Benzyl-5-bromo-1H-1.2.3-
triazole-4-(N,N-dimethylcarboxamide) (341a) with 
Tributyltin Hydride in the Presence of 
Azoisobutyronitrile 
(i) 	A stirred suspension of azoisobutyronitrile 
(AIBN) (0.015 g) in anhydrous benzene (20.0 cm 3 ) under a 
nitrogen atmosphere was treated with a solution of the 
broino compound (341a) (1.2 g; 0.004 mol) in anhydrous 
benzene (10.0 cm 3 ) followed by a solution of tributyltin 
hydride (1.5 g; 0.005 mol) in anhydrous benzene (10.0 cm 3 ) 
and the mixture was heated under reflux in a nitrogen 
atmosphere for 4h. 
The resulting solution was evaporated and the residue 
was washed with boiling hexane to afford the unreacted 
bromo compound (341a) (1.2 g; 100%) m.p. 74-76 0 , identical 
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(in.p. and i.r. spectrum) to an authentic sample. 
(ii) 	Repetition of the reaction as described in (1) 
except using two equivalents of tributyltin hydride and 
replacing anhydrous benzene with anhydrous toluene also 
gave a quantitative recovery of the unreacted 
bromotriazole starting material (341a). 
The Attempted Diazotative Cyclisation of 5-Amino-1-
benzyi-4-phenyl-1H-1,2,3-triazoie (330) 
(a) In Glacial Acetic Acid in the Presence of 2M 
Aqueous Sulphuric Acid 
A stirred solution of the aminotriazole (330) (5.0 g; 
0.02 mol) in 2M aqueous sulphuric acid (40.0 cm 3 ) and 
glacial acetic acid (100 cm 3 ) was cooled to 0 0 (ice-salt 
bath) then treated dropwise at 0-5 0 with a solution of 
sodium nitrite (1.5 g; 0.022 mol) in water (6.0 cm 3 ) and 
the mixture was stirred in the melting ice bath for 2h. 
The resulting solution was concentrated to one third 
of its original volume then treated with water (10.0 cm 3 ) 
and extracted with methylene chloride. The extract was 
washed three times with 10% w/v aqueous sodium hydrogen 
carbonate and once with water (10.0 cm 3 ) then evaporated 
to give a gum (5.9 g) which was flash-chromatographed over 
silica. 
Elution with hexane-ethyl acetate (8:2) gave a series 
/ 
393 
of intractable oils (total 0.28 g) which yielded no 
identifiable material. 
Elution with hexane-ethyl acetate (7:3) afforded 1-
benzyl-4-phenyl-1H-1,2,3-triazole (331) (1.0 g; 21%) which 
formed pale yellow needles m.p. 128-129 0 (from toluene), 
bH (CDC1 3 ) 7.84-7.72 (3H, in, ArH), 7.63 (1H, s, CH), 
7.45-7.22 (7H, in, ArH) and 5.56 (2H, s, CH 2 ). 
Found: 	C, 76.5; H, 5.5; N, 18.1%; m/z (Elms), 235 (M). 
C 15 H 3 N 3 requires: 	C, 76.6; H, 5.5; N, 17.9%; M, 235. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums and oils (total 
3.6 g) whose t.l.c. in ethyl acetate over silica showed 
them to be unresolvable multi-component mixtures which 
therefore were not further investigated. 
(b) In Glacial Acetic Acid in the Presence of 
Concentrated Sulphuric Acid 
A stirred solution of the aininotriazole (330) (5.0 g; 
0.02 mol) in glacial acetic acid (50.0 cm 3 ) was treated 
dropwise at <30 0 (water bath) with concentrated sulphuric 
acid (16.0 cm 3 ) then cooled to 0 0 (ice-salt bath). A 
solution of sodium nitrite ( 1.5 g; 0.022 mol) in water 
(5.0 cm 3 ) was added dropwise, with stirring, at 0-5 0 and 
the mixture was stirred in the melting ice bath for 2h. 
The resulting solution was diluted with water 
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(50.0 cm 3 ) then concentrated to approximately one half of 
its original volume and extracted with methylene chloride. 
The extract was washed three times with 10% w/v aqueous 
sodium hydrogen carbonate and once with water then 
evaporated to give a gum (5.3 g) which was flash-
chroinatographed over silica. 
Elution with hexane-ethyl acetate (7:3) gave a series 
of intractable oils (total 0.68 g) which yielded no 
identifiable material. 
Further elution with hexane-ethyl acetate (7:3) 
afforded 1-benzyl-4-phenyl-1H-1,2, 3-triazole (331) 
(0.66 g; 14%) in.p. 123-124 0 , identical (in.p. and i.r. 
spectrum) to an authentic sample prepared in (a) before. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums (total 4.1 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
1-Benzvl-5-bromo-4-ihenvl-1H-1.2 . 3-triazole (341b 
A stirred solution of the aminotriazole (330) (5.0 g; 
0.02 mol) in glacial acetic acid (90.0 cm 3 ) and 
concentrated hydrobromic acid (60.0 cm 3 ) was cooled to 0 0 
(ice-salt bath) then treated dropwise at 0-5 0 with a 
solution of sodium nitrite (6.5 g; 0.1 mol) in water 
(20.0 cm 3 ) and the mixture was stirred in the melting ice 
bath for 100 mm. 
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The 	resulting 	solution 	was 	concentrated 	to 
approximately one half of its original volume then treated 
with water (100 cm 3 ) and extracted with ethyl acetate. 
The extract was washed three times with 10% w/v aqueous 
sodium hydrogen carbonate (3 x 50.0 cm 3 ) and once with 
water then evaporated to give a gum (5.4 g) which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl 	acetate 	(8:2) 	gave 
the known1 29 1-benzyl-5-bromo-4-phenyl-].H-1, 2, 3-triazole 
(341b) (3.5 g; 56%) m.p. 78-80 0 (lit., 129 82 0 ). 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums, oils and solids 
(total 2.5 g) whose t.l.c. in ethyl acetate over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
The Attenrnted Reaction of 1-Benzyl-5-bromo-4-ihenvl-1H-
1.23-triazole (341b) with Tributvltin Hydride in the 
Presence of Azoisobutyronitrile 
A stirred suspension of azoisobutyronitrile (AIBN) 
(0.015 g) in anhydrous benzene (20.0 cm 3 ) was treated with 
a solution of the bromotriazole (341b) (1.3 g; 0.004 mol) 
in anhydrous benzene (10.0 cm 3 ) followed by a solution of 
tributyltin hydride (2.3 g; 0.008 mol) in anhydrous 
benzene (10.0 cm 3 ) and the mixture was heated under reflux 
under nitrogen for 4h. 
The resulting solution was evaporated and the residue 
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was washed with boiling light petroleum (b.p. 40-60 0 ) to 
afford the unreacted bromotriazole starting material 
(341b) (0.92 g; 73%) m.p. 73750, identical (m.p. and i.r. 
spectrum) to an authentic sample. 
3-Cyano-12.3-triazolof51-alisoindolenine (327) 
(i) 	A 	stirred solution of the aminotriazole (328) 
(9.3 g; 0.05 inol) in 2M aqueous sulphuric acid (100 cm 3 ) 
and glacial acetic acid (250 cm 3 ) was cooled to 00 
(ice-salt bath) then treated dropwise at 0-5 0 with a 
solution of sodium nitrite (3.8 g; 0.055 mol) in water 
(15.0 cm 3 ) and the mixture was stirred in the melting ice 
bath for 2h. 
The resulting solution was diluted with water 
(25.0 cm 3 ) then concentrated to one third of its original 
volume and extracted with methylene chloride. The extract 
was washed three times with 10% w/v aqueous sodium 
hydrogen carbonate (3 x 25.0 cm 3 ) and water (25.0 cm 3 ) 
then evaporated to give a semi-solid (9.9 g) which was 
flash- chromatographed over silica. 
Elution with hexane-ethyl acetate (1:1) afforded 
3-cyano-1,2,3-triazolo[5,1-a]isoindolenine (327) (4.3 g; 
48%) as a colourless solid m.p. 189-191 0 (from ethanol), 
umax 2340 (CN) cm-1, 6H  (CDC1 3 ) 7.91-7.86 (1H, m, ArH), 
7.64-7.55 (3H, m, ArH) and 5.42 (2H, S, CH 2 ), ôc (CDC1 3 ) 
128.2 (quat.), 124.9 (quat.), 124.4 (CH), 122.8 (CH), 
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111.6 (quat.), 110.7 (quat.) and 51.9 (CH 2 ). 
Found: C, 65.6; H, 3.2; N, 30.6%; m/z (Elms), 182 (Mt). 
C 10 H 6 N 4 requires: C, 65.9; H, 3.3; N, 30.8%; M, 182. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of intractable gums 
(total 3.7 g) which yielded no identifiable material. 
(ii) 	A stirred solution of the aminotriazole (328) 
(4.0 g; 0.02 mol) in glacial acetic acid (50.0 cm 3 ) was 
treated dropwise at <30° (water bath) with concentrated 
sulphuric acid (16.0 cm 3 ) then cooled to 0 0 (ice-salt 
bath). A solution of sodium nitrite (1.5 g; 0.022 mol) in 
water (5.0 cm 3 ) was added dropwise, with stirring, at 0-5 0 
and the mixture was stirred in the melting ice bath for 
2h. 
The resulting solution was diluted with water 
(50.0 cm 3 ) then concentrated to approximately one half of 
its original volume, and extracted with methylene chloride. 
The extract was washed - three times with 10% w/v aqueous 
sodium hydrogen carbonate (3 x 50.0 cm 3 ) and once with 
water (50.0 cm 3 ) then evaporated to give a gum (4.1 g) 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
3-cyano-1,2, 3-triazolo[5, 1-a]isoindolenine (327) (1.2 g; 
31%) m.p. 178-180 0 , identical (m.p. and i.r. spectrum) to 
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an authentic sample prepared in (i) before. 
Elution with hexane-ethyl acetae (6:4) through ethyl 
acetate to methanol gave a series of gums and foams (total 
2.0 g) whose t.l.c. in ethyl acetate over silica showed 
them to be unresolvable multi-component mixtures which 
therefore were not further investigated. 
The Attempted Diazotative Cyclisation of 5-Amino-4-cyano-
1-(3-methoxybenzyl)-1H-12,3-triazole (398) in Glacial 
Acetic Acid in the Presence of 2M Aqueous Sulphuric Acid 
A stirred solution of the aminotriazole (398) (2.3 g; 
0.01 mol) in 2M aqueous sulphuric acid (20.0 cm 3 ) and 
glacial acetic acid (50.0 cm 3 ) was cooled to 00 (ice-salt 
bath) then treated dropwise at 0-5 0 with a solution of 
sodium nitrite (0.76 g; 0.011 mol) in water (3.0 cm 3 ) and 
the mixture was stirred in the melting ice bath for 2h. 
The resulting solution was concentrated to 
approximately one third of its original volume then 
treated with water (20.0 cm 3 ) and extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 25.0 cm 3 ) and once 
with water (25.0 cm 3 ) then evaporated to give an 
intractable gum (2.6 g) which yielded no characterisable 
material. 
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12. 3-Triazolof 5. 1-al isoindolenine-3-carboxvlic Acid 
(314b) 
A stirred solution of concentrated sulphuric acid 
(2.2 cm 3 ) was treated at room temperature with small 
portions of the triazoloisoindolenine (327) (0.36 g; 0.002 
mol) and the mixture was heated at 1000, with protection 
from atmospheric moisture, for 2h then cooled in an 
ice-water slurry. The stirred solution was treated 
dropwise at <30 0 with a solution of sodium nitrite 
(0.0022 mol) in water (1.0 cm 3 ) then heated to 100 0 for 
5h. The resulting solution was cooled to 100 (ice bath) 
then treated with ice (10 g) and stored at room 
temperature for 17. 
The mixture was filtered and the insoluble solid was 
collected then dissolved in 215 aqueous sodium hydroxide. 
The resulting solution was acidified to litmus using 2M 
aqeuous hydrochloric acid and the precipitated solid was 
collected to afford 1,2, 3-triazolo[5, 1-a]isoindolenine-3-
carboxylic acid (314b) (0.14 g; 35%) m.p. 140-142 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared before. 
Further work up of the aqueous acidic mother-liquor 
gave no other identifiable material. 
1.2 .3-Triazolo[5. l-alisoindolenine-3-carboxamide (329) 
A stirred solution of concentrated sulphuric acid 
(5.0 cm 3 ) was treated at 0 0 (ice-salt bath) with small 
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portions of the triazoloisoindolenine (327) (0.36 g; 
0.002 mol) and the mixture was stirred, with exclusion of 
atmospheric moisture, at room temperature for 17h. 
The resulting solution was cooled to 0 0 (ice-salt 
bath) then treated with ice (15 g) and the mixture was 
filtered. The insoluble solid was collected and was 
washed with 2M aqueous sodium hydroxide to afford 
1,2,3-triazolo-[5, l-a]isoindolenine-3-carboxamjde (329) 
(0.18 g; 45%) as a purple solid m.p. 273-276 0 (from 
methanol-dimethylformamide), "max  3350-3180 br (NH) and 
1785 (CO) cm-1, 6H {(CD 3 ) 2S0] 8.27-8.19 (1H, m, H-4), 
7.69-7.48 (3H, m, ArH and 2H, brs, NH 2) (2H exch.) and 
5.62 (2H, s, CH 2)' 
Found: C, 59.9; H, 4.0; N, 29.6%; m/z (Elms), 200.0700 (M) 
C 10H 8N 40 requires: C, 60.0; H, 4.0; N, 28.0%; M, 200.0698. 
Further work up of the aqueous acidic mother-liquor 
and the aqueous alkaline washings gave no other 
identifiable material. 
The Attempted Deainination of Ethyl 5-Amino-1-(2-
bromobenzyl)-1H-123-triazole-4-carboxylate (344) in 2M 
Aqueous Nitric Acid in the Presence of Ethanol 
A stirred suspension of the aminotriazole (344) 
(1.3 g; 0.004 inol) in 2N aqueous nitric acid (8.0 cm 3 ) was 
cooled to 0 0 (ice-salt bath) then treated dropwise at 0-50 
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with a solution of sodium nitrite (0.30 g; 0.0044 mol) in 
water (1.5 cm 3 ). The mixture was stirred at 0-5 0 for 15 
min then treated with ethanol (10.0 cm 3 ) and stirred at 
room temperature for 2h. 
The resulting suspension was filtered and the 
insoluble solid was collected to afford the unreacted 
starting material (344) (1.0 g; 77%) m.p. 158-160 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The aqueous acidic mother-liquor was concentrated to 
one half of its original volume then extracted with 
methylene chloride to give an intractable oil (0.26 g) 
which yielded no identifiable material. 
Ethyl 1-(2-Bromobenzyl)-1H-1. 2. 3-triazole-4-carboxylate 
(346) 
(i.) 	A stirred solution of the aminotriazole (344) 
(1.3 g; 0.004 mol) in 2M aqueous nitric acid (8.0 cm 3 ) and 
glacial acetic acid (15.0 cm 3 ) was cooled to 0 0 (ice-salt 
bath) and treated dropwise at 0-5 0 with a solution of 
sodium nitrite (0.30 g; 0.0044 mol) in water (1.5 cm 3 ). 
The mixture was stirred at 0-5 0 for 15 min then treated 
with 30% v/v aqueous hypophosphorous acid (5.0 cm 3 ) and 
the suspension was stirred at room temperature for 17h. 
The resulting mixture was filtered and the insoluble 
solid was collected to afford the unreacted starting 
material (344) (0.18 g; 14%) m.p. 155-157 0 , identical 
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(m.p. and i.r. spectrum) to an authentic sample. 
The aqueous acidic mother-liquor was concentrated to 
approximately one half of its original volume then 
extracted with methylene chloride to give a gum (1.1 g) 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
ethyl 1-(2-bromobenzyl)-1H-1, 2, 3-triazole-4-carboxylate 
(346) (0.46 g; 37%) which formed colourless needles m.p. 
78-79 0 (from benzene-light petroleum), "max  1725 (CO) 
cm- ' ,  6H (CDC1 3 ) 8.04 (1H, s, CH), 7.62-7.56 (lH, m, ArH), 
7.33-7.18 (3H, m, ArH), 5.69 (2H, s, CH 2 ), 4.37 (2H, q, 
J7Hz, CH 2 ) and 1.36 (3H, t, J7Hz, CH 0' 
Found: C, 46.5; H, 3.9; N, 13.5%; m/z (FABm5) 310 and 312 
(M+H) + 
C 12H 12 BrN 3O 2 requires: C, 46.4; H, 3.9; N, 13.5%; M, 311. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of intractable gums and 
oils (total 0.65 g) which yielded no identifiable 
materials. - 
(ii) 	A stirred solution of the aminotriazole (344) 
(2.0 g; 0.006 mol) in 2M aqueous sulphuric acid (12.0 cm 3 ) 
and glacial acetic acid (20.0 cm 3 ) was cooled to 0 0 (ice-
salt bath) then treated dropwise at 0-5 0 with a solution 
of sodium nitrite (0.46 g; 0.0066 mol) in water (1.8 cm3). 
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The mixture was stirred at 0-5 0 for 10 min then treated 
with 30% v/v aqueous hypophosphorous acid (7.5 cm 3 ) and 
stirred at room temperature for 17h. 
The 	resulting 	solution 	was 	concentrated 	to 
approximately one half of the original volume then treated 
with water (10.0 cm 3 ) and extracted with methylene 
chloride. The extract was washed twice with 10% w/v 
aqueous sodium hydrogen carbonate (2 x 10.0 cm 3 ) and once 
with water (10.0 cm 3 ) then evaporated to give a gum 
(1.8 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
ethyl 1-(2-bromobenzyl) -1H-1,2, 3-triazole-4-carboxylate 
(346) (0.36 g; 19%) m.p. 75-77 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared in (i) before. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of intractable gums and 
oils (total 1.1 g) which yielded no identifiable material. 
Ethyl 1-Benzyl-1H-1. 2. 3-triazole-4-carboxylate (313) 
A stirred suspension of azoisobutyronitrile (0.004 g) 
in anhydrous benzene (5.0 cm 3 ) under a nitrogen atmosphere 
was treated at room temperature with a solution of the 
bromo compound (346) (0.31 g; 0.001 mol) in anhydrous 
benzene (5.0 cm 3 ) followed by a solution of tributyltin 
hydride (0.58 g; 0.001 inol) in anhydrous benzene (2.5 cm 3 ) 
and the mixture was heated under reflux, in a nitrogen 
atmosphere, for 4h. 
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The resulting solution was evaporated and the residue 
was washed with boiling hexane to afford ethyl 1-benzyl-
1H-1,2,3-triazole-4-carboxylate (313) (0.16 g; 70%) m.p. 
85-86 0 , identical (m.p. and i.r. spectrum) to an authentic 
sample prepared below. 
The Diazotative Cvclisation of 5-Amino-l-benzyl-1H-12,3-
triazoles to Afford 1,2,3-Triazolol5,1-clbenzo-1,2,4-
triazepine Derivatives 
(a) In Glacial Acetic Acid in the Presence of 2M Aaueous 
Sulphuric Acid 
A stirred solution of the aminotriazole (0.005 mol) in 
2M aqueous sulphuric acid (10.0 cm 3 ) and glacial acetic 
acid 1 25.0 cm 3 ) was cooled to 0 0 (ice-salt bath) then 
treated dropwise at 0-5 0 with a solution of sodium nitrite 
(0.38 g; 0.0055 niol) in water (1.5 cm 3 ). The mixture was 
stirred in the melting ice bath for 2h then concentrated 
to approximately one third of its original volume and 
worked up as described for the individual reactions below. 
(i) 	The mixture from the diazotisation of the 
aminotriazole (430) was treated with water then extracted 
with methylene chloride. The extract was washed three 
times with 10% w/v aqueous sodium hydrogen carbonate (3 x 
20.0 cm 3 ) and once with water (10.0 cm 3 ) then evaporated 
to give a semi-solid which was washed with ether to afford 
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ethyl 	6,7,8-trimethoxy-1OH-1,2,3-triazolo[5,l-c)benzo- 
1,2,4-triazepine-3-carboxylate (431) (yield 83%) which 
formed yellow needles m.p. 196-197 0 (from ethyl acetate), 
max 1730 (CO) cm- , 6H  (CDC1 3 ) 6.57 (1H, s, H-9), 5.19 
(2H, s, CH 2 ), 4.45 (2H, q, J7Hz, eli 2 ), 4.08 (3H, s, CH OF 
3.93 (3H, s, CH 3 ), 3.88 (3H, s, Cl-I 3 ) and 1.39 (3H, t, 
J7Hz, Cl-I 3 ). 
Found: C, 51.7; H, 4.9; N, 20.1%; m/z (Elms), 347 (Mt). 
C15H17N5 0 5 requires: 	C, 51.9; H, 4.9; N, 20.2%; M, 347. 
Evaporation of the ethereal mother-liquor gave a 
trivial amount of a gum which was not further 
investigated. 
(ii) 	The mixture from the diazotisation of the 
aminotriazole (404b) was treated with water then extracted 
with methylene chloride. The extract was washed twice 
with 10% w/v aqueous sodium hydrogen carbonate and once 
with water then evaporated to give a semi-solid which was 
washed with ether to afford 8-methoxy-3-phenyl-10H-1,2,3-
triazolo[5,1-c]benzo-1,2,4-triazepine (406) (yield 38%) 
which formed yellow needles m.p. 224-225 0 (from toluene), 
bH [ (CD 3 ) 2S0] 8.15-7.97 (3H, in, ArH), 7.61-7.20 (5H, in, 
ArH), 5.68 (2H, S, CH 2 ) and 3.90 (3H, S, CH 0' 
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Found: C, 66.2; H, 4.5; N, 23.7%; m/z (Elms), 191. 
C 16 H 13 N 5 0 requires: 	C, 66.0; H, 4.5; N, 24.1%; M, 191. 
Evaporation of the ethereal mother-liquor gave a gum 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave a series 
of intractable gums and oils (total 0.38 g) which yielded 
no identifiable material. 
Further elution with hexane-ethyl acetate (8:2) 
afforded 1-(3-methoxybenzyl) -4-phenyl-1H-1, 2, 3-triazole 
(407) (yield 14%) which formed colourless needles m.p. 
108-109 0 (from ethyl acetate), oH (CDC1 3 ) 7.85-7.73 (2H, 
M, ArH), 7.65 (1H, s, CH), 7.51-7.17 (4H, m, ArH), 
6.94-6.79 (3H, m, ArH), 5.52 (2H, s, CH 2 ) and 3.77 (3H, s, 
_TT '. 
I1 3 ) 
Found: 	C, 72.5; H, 5.7; N, 15.8%; m/z (Elms), 265 (M). 
C 16 H 15 N 3 0 requires: 	C, 72.5; H, 5.7; N, 15.8%; N, 265. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums whose t.1.c. in 
ethyl acetate over silica showed them to be unresolvable 
multi-component mixtures which therefore were not further 
investigated. 
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(b) In Glacial Acetic Acid in the Presence of Concentrated 
Sulphuric Acid 
A stirred solution of the aminotriazole (0.01 mol) in 
glacial acetic acid (50.0 cm 3 ) was treated dropwise at 
<30 0 (water bath) with concentrated sulphuric acid 
(8.0 cm 3 ) then cooled to 0 0 (ice-salt bath). A solution 
of sodium nitrite (0.76 g; 0.011 mol) in water (2.5 cm 3 ) 
was added dropwise, with stirring, at 0-5 0 and the mixture 
was stirred in the melting ice-bath for 2h then diluted 
with water (50.0 cm 3 ) and worked up as described for the 
individual reactions below. 
(i) 	The mixture from the diazotisation of the 
aminotriazole (364) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. 	The extract was washed twice with 10% w/v 
aqueous sodium hydrogen carbonate and once with water 
then evaporated to give a semi-solid which was washed 
with ether to afford ethyl 4,8-dihydro-10H-1,2,3-
triazolo[5, 1-c]benzo-1, 2, 4-triazepin-8-one-3-carboxylate 
(373) (yield 91%) which formed orange plates m.p. 179-181 0 
(from ethanol-light petroleum) , vmax  3320-3250 br (NH) and 
1700 (CO) cm-1, 6H [(CD 3 ) 2 S0) 7.90 (lH, d, Jortho  9Hz, 
11-6), 7.10-6.98 (2H, m, ArH), 5.56 (2H, s, CH 2 ), 4.32 (2H, 
q, J7Hz, CH 2 ) and 1.31 (3H, t, J7Hz, CH3), 6c  [(CD3)2S0J 
162.6 	(quat.), 	159.6 	(quat.), 	145.1 	(quat.), 	142.5 
(quat.), 135.3 (quat.), 127.9 (quat.), 116.6 (CH), 114.7 
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(CH), 61.2 (CH 2 ), 50.1 (CH 2 ) and 14.2 (CH 3)' 
Found: 	C, 52.6; H, 4.1; N, 25.3%; in/z (Elms), 273 (Mt). 
C 12H 11 N 50 3 requires: 	C, 52.7; H, 4.0; N, 25.6%; M, 273. 
Evaporation of the ethereal mother-liquor gave a gum 
whose t.l.c. in methylene chloride over silica showed it 
to be an unresolvable multi-component mixture which 
therefore was not further investigated. 
(ii) 	The mixture from the diazotisation of the 
aminotriazole (421) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. 	The extract was washed twice with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid which was washed with 
ether to afford ethyl 4, 8-dihydro-7-methoxy-1OH-1, 2,3-
triazolo [5, 1-c]benzo-1, 2, 4-triazepin-8-one-3-carboxylate 
(424) (yield 79%) as a yellow powder m.p. 222-223 0 (from 
glacial acetic acid), vxnax 3250 br (NH) and 1690 (CO) 
cur', 5H  [(CD0 2  SO] 7.25 (2H, brs, H-6 and NH) (1H exch.), 
6.92 (lH, s, H-9), 5.37 (2H, s, CH 2 ), 4.36 (2H, q, J7Hz, 
CH 2 ), 3.84 (3H, s, Cl! 3 ) and 1.32 (3H, t, J7Hz, Cl! 3 ). 
Found: 	C, 51.5; H, 4.3; N, 23.0%; m/z (Elms), 303 (M). 
C 13 II 13N 50 4 requires: 	C, 51.5; H, 4.3; N, 23.1%; M, 303. 
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Evaporation of the ethereal mother-liquor gave an 
intractable gum which yielded no other identifiable 
material. 
(iii) 	The mixture from the diazotisation of the 
aminotriazole (430) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a gum which was flash-chromatographed 
over silica. 
Elution with hexane-methylene chloride (2:8) gave 
ethyl 	6,7,8-trimethoxy-lOH-1,2,3-triazolo[5,l-c]benzo- 
l,2,4-triazepine-3-carboxylate (431) (yield 4%) m.p. 
185-187°, identical (m.p. and i.r. spectrum) to an 
authentic sample prepared in (a) before. 
Further elution with hexane-methylene chloride (2:8) 
afforded 	ethyl 	4, 8-dihydro-6, 7-dimethoxy-l0H-1, 2,3- 
triazolo[5, l-c]benzo-1, 2,4-triazepin-8-one-3-carboxylate 
(432) (yield 55%) which formed orange needles m.p. 
181-183 0 (from ethanol), vmax 3200-3100 br (NH) and 1700 
(CO) cm', 611 [(CO 3 ) 2 S0] 6.70 (1H, S. H-9), 5.47 (2H, 5, 
CH 2 ), 4.35 (2 H, q, J7Hz, CE! 2 ), 3.95 (3H, s, Cl! 3 ), 3.77 
(3H, s, CH 3 ) and 1.30 (311, t, J7Hz, CH 3 ). 
Found: C, 50.2; H, 4.5; N, 20.9%; m/z (Elms), 333 (Mt). 
C 14H 5 N 5 0 5 requires: 	C, 50.5; H, 4.5; N, 21.0%; M, 333. 
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Elution with methylene chloride through to methanol 
gave a series of intractable gums which yielded no other 
identifiable material. 
The mixture from the diazotisation of the 
aininotriazole (404b) was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. 	The extract was washed twice with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid which was washed 
with ether to afford 	8-methoxy-3-phenyl-10H-1,2,3- 
triazolo[5,1-c]benzo-1,2,4-triazepine (406) (yield 80%) 
m.p. 224-225 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample prepared in (a) before. 
Evaporation of the ethereal mother liquor gave a gum 
whose t.l.c. in ethyl acetate over silica showed it to be 
an unresolvable multi-component mixture which therefore 
was not further investigated. 
The mixture from the diazotisation of the 
aminotriazole (398) was concentrated to approximately one 
half of the original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate and once with water then 
evaporated to give a semi-solid which was washed 
with 	ether 	to 	afford 	3-cyano-8-methoxy-1OH-1,2,3- 
triazolo[5,1-c]benzo-1,2,4-triazepine (400) 	(yield 81%) 
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which formed yellow needles m.p. 199_2000 (from ethyl 
acetate), "max  2240 (CN) C1fl1, 6H  [(CD 3 ) 2S0J 8.12 (1H, dd, 
para 7Hz, H-6), 7.35-7.19 (2H, Ifl, ArH), 5.76 (2H, s, CH 2)
and 3.92 (3H, s, CH 0' 
Found: C, 54.9; H, 3.4; N, 34.9%; m/z (Elms), 240 (M). 
C 1 1 H 8 N 60 requires: 	C, 55.0; H, 3.4; N, 35.0%; N, 240. 
Evaporation of the ethereal mother-liquor gave an 
intractable gum which yielded no other identifiable 
material. 
The Attempted Diazotative Coupling of Ethyl 5-Amino-1H-
1,2. 3-triazole-4-carboxviate (376) with 3-Nethobenzy1 
Chloride (378) 
A stirred suspension of the aminotriazole (376) 
(0.62 g; 0.004 mol) in 2M aqueous nitric acid (8.0 cm 3 ) 
was cooled to 00 (ice-salt bath) then treated dropwise at 
0-5 0 with a solution of sodium nitrite (0.30 g; 
0.0044 mci) in water (1.5 cm 3 ). The solution was stirred 
at 00 for 15 min then treated dropwise, with stirring, at 
0 0 with a solution of 3-xnethoxybenzyl chloride (378) 
(0.63 g; 0.004 mel) and fused sodium acetate (2.3 g; 0.008 
md) in ethanol (10.0 cm 3 ) and water (6.0 cm 3 ). The 
mixture was then stirred in the melting ice bath for 2h. 
The resulting suspension was concentrated to 
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approximately one half of its original volume then 
extracted with methylene chloride to give an oil (1.3 g) 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave unreacted 
3-methoxybenzyl chloride (378) (0.15 g; 24%) as a 
colourless oil, identified by comparison (i.r. spectrum) 
with an authentic sample. 
Elution with hexane-ethyl acetate (4:6) afforded the 
known1 30  ethyl 1H-1,2, 3-triazole-4-carboxylate-5-diazonium 
betaine (375) (0.61 g; 100%) m.p. 64-66 0 (lit.,130 63-64 0 ), 
'max 2240 (N2+)  CIfl. 
Elution with hexane-ethyl acetate (3:7) through ethyl 
acetate to methanol gave a series of intractable oils and 
gums (total 0.31 g) from which no characterisable material 
could be obtained. 
The Attempted Base-catalysed Methylation of Ethyl 4,8-
Dihydro-1OH-1. 2 . 3-triazolo 15. 1-clbenzo-1. 2 . 4-triazepin-
8-one-3-carboxylate (373) 
(1) 	A stirred suspension of sodium hydride (0.26 g; 
0.011 mol) in anhydrous dimethylformamide (2.0 cm 3 ) was 
treated at room temperature with a solution of the 
triazolobenzotriazepine (373) 	(0.27 g; 0.001 mol) in 
anhydrous dimethylformamide (2.0 cm 3 ). 	The mixture was 
stirred at room temperature for 15 min then treated in one 
portion with a solution of methyl iodide (0.14 g; 
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0.001 mol) in anhydrous dimethylformamide (1.0 cm 3 ) and 
the mixture was stirred at room temperature with exclusion 
of atmospheric moisture, for 17h. 
The resulting mixture was treated with water (4.0 cm 3 ) 
then extracted with methylene chloride to give a gum which 
was combined with a second gum obtained by acidifying the 
alkaline aqueous mother-liquor and extraction with 
methylene chloride, and the total (0.24 g) was flash-
chromatographed over silica. 
Elution with methylene chloride through ethyl acetate 
to methanol gave only a series of intractable gums from 
which no characterisable material could be obtained. 
(ii) 	A stirred solution of the triazolobenzotriazepine 
(373) (0.55 g; 0.002 mol) in Analar acetone (25.0 cm 3 ) was 
treated at room temperature with anhydrous potassium 
carbonate (1.4 g; 0.01 inol) followed by dimethylsulphate 
(1.3 g; 0.01 mol) and the mixture was heated under reflux, 
with protection from atmospheric moisture, for 4h. 
The resulting suspension was evaporated and the 
residue was treated with water (10.0 cm 3 ) then extracted 
with methylene chloride to give an intractable gum (1.1 g) 
from which no identifiable material could be obtained. 
Ethyl 8-Acetoxy-10H-1,2,3-triazo1of51-c1benzo-124-
triazeDine-3-carboxylate (383) 
A solution of the triazolobenzotriazepine (373) 
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(0.27 g; 0.001 mol) in acetic anhydride (0.6 cm 3 ) was 
heated at 1000 (water bath) for 10 mm. 
The resulting solution was treated with water 
(0.5 cm 3 ) and the insoluble solid was collected and 
combined with a further crop of solid obtained by 
extraction of the aqueous acidic mother-liquor with 
methylene chloride, to afford ethyl 8-acetoxy-10H-1,2,3-
triazolo[5, 1-c]benzo-1,2,4-triazepine-3-carboxylate (383) 
(0.27 g; 85%) as a yellow powder m.p. 135-136 0 (from 
benzene-light petroleum), umax  1770 and 1730 (CO) cm -1 , 611 
(CDC1 3 ) 8.05 (1H, d, Jortho  9Hz, H-6), 7.33 (111, dd, 
meta' 2Hz,  Jortho  9Hz, 11-7), 7.17 (111, d, Jmeta  2Hz, 
H-9), 5.32 (211, s, CH 2 ), 4.48 (211, q, J7Hz, Cl 2 ), 2.32 
(2H, s, CH.) and 1.42 (3H, t, J7Hz, CH 0' 
Found: 	C, 53.1; H, 4.0; N, 22.2%; m/z (Elms), 315 (M+). 
C 14H 13 N 5 0 4 requires: 	C, 53.3; H, 4.1; N, 22.2%; N, 315. 
4.8-Dihydro-10H-1,2.3-triazolof5.1-clbenzo-1.2.4-
triazein-8-one-3-carboxylic Acid (382) 
A stirred solution of the triazolobenzotriazepine 
(373) (0.27 g; 0.001 mol) in ethanol (5.0 cm 3 ) was heated 
to reflux then treated with 2M aqueous sodium hydroxide 
(2.5 cm 3 ) and the mixture was heated under reflux for 1h. 
The resulting mixture was evaporated and the residue 
was treated with water (2.5 cm 3 ) then acidified to litmus 
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using 2M aqueous hydrochloric acid (5.0 cm 3 ). 	The 
suspension was filtered and the insoluble solid 
was 	collected 	to 	afford 	4,8-dihydro-10H-1,2,3- 
triazolo[5, 1-c]benzo-1,2,4--triazepin-8-one-3-carboxylic 
acid (382) (0.21 g; 86%) as mustard coloured plates m.p. 
>350°C (from dimethylformamide-water), umax  3500-2500 br 
(NH and OH) and 1680 (CO) cm -1 , 
oH 
[(CD 3 ) 2S0] 11.0 (lH, 
brs, OH) (exch.), 7.90 (1H, dd, Jpara  2Hz,  Jortho  7Hz, 
H-6), 7.09-6.98 (2H, m, ArH) and 5.50 (2H, s, CH 
2)' 
Found: m/z (FABins), 246.0627 (M+H). 
C 10 H 7 N 5 0 3 requires: (N+H), 246.0627. 
Extraction of the acidic aqueous mother-liquor with 
methylene chloride gave no further material. 
The Attenrnted Reaction of Ethyl 4,8-Dihvdro-1OH-1.2.3-
triazolol5. 1-c]benzo-1,2 ,4-triazepin-8-one-3-carboxylate 
(373) with 2M Aaueous Hydrochloric Acid in the Presence of 
Glacial Acetic Acid 
A stirred solution of the triazolobenzotriazepine 
derivative (373) (0.27 g; 0.001 mol) in glacial acetic 
acid (5.0 cm 3 ) was treated with 2M aqueous hydrochloric 
acid (2.5 cm 3 ) and the mixture was heated under reflux for 
lh. 
The resulting solution was evaporated to give an 





(1) 	A stirred solution of the triazolobenzotriazepine 
derivative (373) (5.5 g; 0.02 mol) in methanol (100 cm 3 ) 
was heated to reflux then treated with concentrated 
hydrochloric acid (5.0 cm 3 ) and the mixture was heated 
under reflux for lh. 
The resulting solution was evaporated to give a 
semi-solid which was washed with ether to afford ethyl 
8-methoxy-lOH-1, 2, 3-triazolo[5, l-c]benzo-1, 2, 4-triazepine-
3-carboxylate (365) (5.4 g; 94%) which formed orange 
plates m.p. 173-174 0 (from methanol), "max  1700 (CO) cm-1 , 
oH (CDC1 3 ) 8.03 (1H, d, Jortho 9Hz, H6), 7.10 (lH, dd, 
meta 2Hz,  Jortho  9Hz, H-7), 6.82 (1H, d, Jmeta  2Hz, H-9), 
5.31 (2H, s, CH 2 ), 4.45 (2H, q, J7Hz, CH 2 ), 3.89 (3H, s, 
CH 3 ) and 1.41 (3H, t, J7Hz, CH 0' 
Found: C, 54.0; H, 4.5; N, 24.6%; m/z (Elms), 287.1025 (M) 
C 13 H 13 N 5 0 3 requires: C, 54.4; H, 4.5; N, 24.4%; N, 287.1018 
Evaporation of the ethereal mother-liquor gave an 
intractable gum (0.13 g) which yielded no other 
identifiable material. 
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(ii) 	A stirred solution of the triazolobenzotriazepine 
derivative (373) (0.27 g; 0.001 mol) in methanol (5.0 cm 3 ) 
was heated to reflux then treated with 2M aqueous 
hydrochloric acid (2.5 cm 3 ) and the mixture heated under 
reflux for lh. 
The resulting solution was evaporated and the residue 
was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to give an inseparable 3:1 mixture of 
the starting material (373) and ethyl 8-methoxy-10U-1,2,3-
triazolo[5, 1-c]benzo-1,2,4-triazepine--3-carboxylate (365) 
as a yellow solid (0.28 g) m.p. 152-154 0 , the components 
of which were identified by comparison ( 1 11 n.m.r. 
spectrum) with authentic samples obtained before. 
Ethyl 8-Ethoxy-1OH-12,3-triazolof5;1-clbenzo-1.2,4-
triazepine-3-carboxylate (380) 
(i) 	A stirred solution of the triazolobenzotriazepine 
(373) (0.27 g; 0.001 mol) in ethanol (5.0 cm 3 ) was heated 
to ref lux then treated with 2M aqueous hydrochloric acid 
(2.5 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting solution was evaporated to afford ethyl 
8-ethoxy-1OH-1,2,3-triazoli[5,l-c]benzo-1,2,4-triazepirie-
3-carboxylate (380) (0.22 g; 90%) which formed yellow 
needles m.p. 150-151 0 (from ethanol), umax  1720 (CO) cm', 
6H (CDC1 3 ) 8.04 (1H, d, Jortho  9Hz, H-6), 7.08 (lH, dd, 
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meta 2Hz,  Jortho  9Hz, H-7), 6.79 (1H, d, Jmeta  2Hz, H9), 
5.30 (2H, s, CH.), 4.48 (2H, q, J7Hz, CH 2 ), 4.12 (2H, q, 
J7Hz, CH 2)1  1.51 (3H, t, J7Hz, CH 3 ) and 1.44 (3H, t, J7Hz, 
CH 0' 
Found: C, 55.3; H, 4.9; N, 23.1%; m/z (Elms), 301.1164 (Mt) 
C 14H 15 N 5 0 3 requires: C, 55.8; H, 5.0; N, 23.3%; N, 301.1175 
(ii) 	A 	stirred 	solution 	of 	the 	8-methoxy 
triazolobenzotriazepine (365) (0.29 g; 0.001 inol) in 
ethanol (10.0 cm 3 ) was heated to reflux then treated with 
concentrated hydrochloric acid (0.25 cm 3 ) and the mixture 
was heated under reflux for lh. 
The resulting solution was evaporated to give a semi-
I..solid which was washed with ether to afford ethyl 
8-ethoxy-1OH-1, 2, 3-triazolo[5, 1-c]benzo-1,2,4-triazepine-
3-carboxylate (380) (0.27 g; 90%) m.p. 144-145 0 , identical 
(m.p. and 1 H n.m.r. spectrum) to an authentic sample 
prepared in (I) before. 
Evaporation of the ethereal mother-liquor gave only a 
trivial amount of a gum which was not further 
investigated. 
Ethyl 4,8-Dihydro-10H-1.2,3-triazolo[51-clbenzo-1,2.4-
triazepin-8-one-3 -carboxylate (373) 
A stirred solution of the triazolobenzotriazepine 
derivative (365) (0.57 g; 0.002 mol) in glacial acetic 
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acid (5.0 cm 3 ) was treated dropwise at <300 (water bath) 
with concentrated sulphuric acid (1.5 cm 3 ) then cooled to 
0 0 (ice-salt bath) and treated dropwise with water 
(0.5 cm 3 ). The solution was then stirred in the melting 
ice bath for 2h. 
The resulting solution was treated with water 
(5.0 cm 3 ) and concentrated to approximately one half of 
the original volume then extracted with methylene 
chloride. The extract was washed twice with 10% w/v 
aqueous sodium hydrogen carbonate (2 x 2.5 cm 3 ) and once 
with water (2.5 cm 3 ) then evaporated to give a gum which 
was washed with ether and then with 10% w/v aqueous sodium 
hydrogen carbonate (8.0 cm 3 ) to afford the unreacted 
starting material (365) (0.28 g; 50%) m.p. 164-166 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The aqueous sodium hydrogen carbonate washings were 
acidified to litmus using 2M aqueous hydrochloric acid and 
the precipitated solid was collected to afford ethyl 4,8-
dihydro-10H-1, 2, 3-triazolo[5, l-c]benzo-1, 2, 4-triazepine-3-
carboxylate (373) (0.22 g; 42%) m.p. 168-170 0 , identical 
(m.p. and i.r. spectrum) to an authentic sample prepared 
before. 
Evaporation of the ethereal mother-liquor gave only a 
trivial amount of an intractable gum which was not further 
investigated. 
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4 8-Dihydro-1OH-1. 2 . 3-triazolof 5. 1-cl benzo-1 • 2 • 4-
triazepine-8-one (367) 
A stirred solution of concentrated hydrochloric acid 
(2.5 cm 3 ) was treated with small portions of the 
triazolobenzotriazepine (365) (0.29 g; 0.001 mol) and the 
solution was heated at 70 0 for lh. 
The resulting solution was evaporated and the gummy 
residue was triturated with ethanol to afford 4,8-dihydro-
1OH-1, 2, 3-triazolo [5, 1-c]benzo-1, 2, 4-triazepine-8-one 
(367) (0.06 g; 30%) which formed yellow needles m.p. 
144-142 0 (from ethanol), "max  3100 br (NH 2 ) cm 1 , oH 
[(CD 3 ) 2 S0] 8.60 (111, brs, CH), 7.84 (1H, dd, Jpara  2Hz, 
ortho 9Hz, H-6), 7.06-6.97 (2H, m, ArH) and 5.53 (2H, s, 
CH 2)' 
Found: 	m/z (Elms), 201.0648 (M+). 
C 9 11,N 50 requires: 	N, 201.0651. 
Evaporation of the ethanolic mother-liquor gave an 
intractable gum (0.23 g) which yielded no other 
characterisable material. 
8-Methoxy-4H-1 2 3-triazolof 5,. 1-clbenzo-1.2 . 4-triazeDine-
3-carboxvlic Acid (388) 
A stirred solution of the triazolobenzotriazepine 
derivative (365) (1.4 g; 0.005 mol) in ethanol (50.0 cm 3 ) 
was heated to reflux then treated with 2M aqueous sodium 
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hydroxide (6.3 cm 3 ) and the mixture was heated under 
reflux for lh. 
The resulting suspension was evaporated, the residue 
was treated with water (6.3 cm 3 ) and the solution was 
acidified with 2M aqueous hydrochloric acid. The mixture 
was filtered and the precipitated solid was collected to 
afford 8-methoxy-4H-1,2,3-triazolo[5,1-c]benzo-1,2,4-
triazepine-3-carboxylic acid (388) (0.92g; 91%) as a brown 
powder m.p. 231-233 0 (from dimethylformamide-water), Pmax 
3100 br (NH) and 1700 (CO) cm-1, 6H  {(CD 3 ) 2S0] 8.77 (1H, 
d, J1HZ, CH), 7.63 (1H, d, Jortho  10Hz, H6), 7.11-6.94 
(2H, m, ArH) and 3.79 (3H, s, CH 0' 
Found: m/z 	(FABms), 260.0784 (M+H)F. 
C 11 H 9N 50 3 requires: (M+H), 260.0784. 
8-Nethoxy-4H-1. 2, 3-triazolof 5,1-cl benzo-1, 2. 4-triazepine 
(390) 
(i) 	A stirred solution of the triazolobenzotriazepine 
(388) (0.26 g; 0.001 mol) in anhydrous dimethylformamide 
(5.0 cm 3 ) was heated under ref lux for lh. 
The resulting solution was evaporated and the residue 
was washed with ethyl acetate to afford 8-methoxy-4H-
1,2,3-triazolo[5,1-c)benzo-1,2,4-triazepine (390) (0.19 g; 
86%) as an amorphous purple solid m.p. 259-261 0 (from 
glacial acetic acid), "max 3130 br (NH) cm -1 , 	6 H 
422 
[ (CD 3 ) 2 SO) 8.76 (lH, s, CH), 8.25 (lH, S, CH), 7.64 (1H, 
d, Jortho  10Hz, H-6), 7.08 (1H, d, Jortho  2Hz, H-9), 7.03 
(111, dd, Jmeta  2Hz,  Jortho  10Hz, H-7) and 3.81 (3H, s, 
CH 3 ). 
Found: 	m/z (Elms), 215.0806 (Mt ). 
C 10 H 9 N 50 requires: 	M, 215.0807. 
Evaporation of the ethyl acetate mother-liquor gave 
only a trivial amount of a gum which was not further 
investigated. 
(ii) 	A 	stirred suspension of the carboxylic acid 
(388) 	(0.52 g; 0.002 mol) in 	glacial acetic acid 
(20.0 cm 3 ) was heated under ref lux for 86h. 
The resulting solution was evaporated to afford 
8-methoxy-4H-1, 2, 3-triazolo[5, 1-c]benzo-1, 2, 4-triazepine 
(0.41 g; 95%) m.p. 259_2610, identical (m.p. and 
i.r. spectrum) to an authentic sample prepared in (i) 
before. 
8-Ethoxy-4H-1. 2, 3-triazolo 15. ].-clbenzo-].. 2 . 4-triazeT,ine 
 
A stirred suspension of the triazolobenzotriazepine 
derivative (390) (0.22 g; 0.001 mol) in ethanol (10.0 cm 3 ) 
was treated with 70% v/v aqueous prechloric acid (0.5 cm 3 ) 
and the solution was heated under reflux for 41h. 
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The resulting solution was neutralised with 10% w/v 
aqueous sodium hydrogen carbonate (10.0 cm 3 ) then 
extracted 	with 	methylene 	chloride 	to 	afford 
8-ethoxy-4H-1, 2, 3-triazolo[5, 1-c]benzo-1, 2, 4-triazepine 
(391) (0.10 g; 43%) as a brown powder m.p. 222-225 0 (from 
methanol), "max  3100 br (NH 2 ) cm', 6H  [(CD 3 ) 2S0J 8.71 
(lH, d, J1HZ, CH), 8.35 (1H, 5, CH), 7.58 (1H, dd, Jpara 
1Hz, Jortho 10Hz, H-7), 7.04-6.92 (2H, m, ArH), 4.04 (2H, 
q, J7Hz, CH 2 ) and 1.36 (3H, t, J7Hz, CH 0' 
Found: 	m/z (Elms), 229.0967 (M). 
C 1 	1 N 50 requires: 	N, 229.0964. 
The Attempted Reaction of 8-Methoxy-4H-12,3-triazolo 
[5. i-clbenzo-i.2 .4-triazepine-3-carboxylic Acid (388) with 
Concentrated Hydrochloric Acid in the Presence of Ethanol 
A stirred suspension of the triazolobenzotriazepine 
(388) (0.26 g; 0.001 mci) in ethanol (10.0 cm 3 ) was 
treated with concentrated hydrochloric acid (0.25 cm 3 ) and 
the mixture was heated under reflux for 48h. 
The resulting suspension was evaporated to give an 
intractable gum (0.27 g) which yielded no identifiable 
material. 
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The Attempted Coupling of 8-Methoxy-4H-1,23--triazolo 
[5.l-c1benzo-1,2,4-triazeine (390) with Benzenediazonium 
Chloride 
A stirred solution of aniline (0.02 g; 0.0002 mol) in 
5M aqueous hydrochloric acid (0.1 cm 3 ) was cooled to 00 
(ice-salt bath) then treated dropwise at 0-5 0 with a 
solution of sodium nitrite (0.02 g; 2.2 x lO mol) in 
water (0.05 cm 3 ). The solution was stirred at 0-5 0 for 5 
min then added to a stirred solution of the triazolobenzo-
triazepine (390) (0.04 g; 0.002 mol) and fused sodium 
acetate (0.04 g; 0.005 mol) in water (0.1 cm 3 ) and ethanol 
(0.5 cm 3 ) at 00 (ice-salt bath). The solution was then 
stirred in the melting ice bath for 2h. 
The resulting mixture was treated with water (1.0 cm 3 ) 
and the insoluble solid was collected to afford the 
unreacted methoxytriazolobenzotriazepine starting material 
(390) (0.04 g; 100%) m.p. 222-225 0 , identical (m.p. and 
i.r. spectrum) to an authentic sample. 
The Attempted Oxidation of Ethyl 4.8-Dihydro-10H-1.2,3-
triazolor 5 .l-clbenzo-1. 2 4-triazepin-8-one-3-carboxylate 
(373) Using Ceric Ammonium Nitrate 
A stirred solution of the triazolobenzotriazepine 
(373) (0.54 g; 0.002 mol) in glacial acetic acid 
(20.0 cm 3 ) was treated with ceric ammonium nitrate (5.5 g; 
0.01 mol) and the mixture was heated under reflux for lh. 
The resulting suspension was evaporated and the 
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residue was treated with water (10.0 cm 3 ) then extracted 
with methylene chloride to give an intractable gum 
(0.69 g) which yielded no identifiable material. 
The Attempted Oxidation of Ethyl 48-Dihydro-10H--1,2,3-
triazolo[5. l-clbenzo-1,24-trjazepjn-8-one-3-carboxylate 
(373) with Manganese Dioxide 
A stirred solution of the triazolobenzotriazepine 
(373) (0.55 g; 0.002 mol) in anhydrous acetonitrile 
(10.0 cm 3 ) then treated with activated manganese dioxide 
(Aldrich 21, 764-6) (3.0 g) and the mixture was stirred at 
room temperature for 30 mm. 
The resulting suspension was filtered through celite 
and the filter pad washed with acetonitrile. The combined 
acetonitrile filtrate and washings were evaporated to 
afford the unreacted starting material (373) (0.36 g; 65%) 
in.p. 172-175 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Attempted Acidic Hydrolysis of 3-Cyano-8-inethoxy-lOH-
1.2. 3-triazolol5. l-clbenzo-1,2 .4-triazepine (400) 
Concentrated sulphuric acid (5.0 cm 3 ) was cooled to 0 0 
(ice-salt bath) then treated with small portions of the 
triazolobenzotriazepine (400) (0.48 g; 0.002 mol) and the 
mixture was stirred in the melting ice bath for 17h. 
The resulting solution was cooled to 0 0 (ice-salt 
bath) then treated with ice (15 g) to give an intractable 
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solid (0.42 g) which defied characterisation. 
Extraction of the aqueous acidic mother-liquor with 
ethyl acetate yielded only a negligible amount of an 
intractable gum. 
3-Cvano-8-methoxy-4H-1, 2. 3-triazolo f 5. 1-clbenzo-l. 2.4-
triazeine (401) 
A stirred solution of the triazolobenzotriazepine 
derivative (400) (0.24 g; 0.001 mol) in methanol 
(10.0 cm 3 ) was heated to reflux then treated with a 
solution of sodium (0.09 g; 0.004 g.atom) in methanol 
(5.0 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting solution was evaporated and the residue 
was treated with water (5.0 cm 3 ) then acidified to litmus 
using 2M aqueous hydrochloric acid and extracted with 
methylene chloride to give a semi-solid. This was 
washed with ether to afford 3-cyano-8-methoxy-4H-1,2,3-
triazolo[5,1-c]benzo-1,2,4-triazepine (401) (0.06 g; 25%) 
as a light brown solid which was purified by precipitation 
from 2M aqueous sodium hydroxide with 2M aqueous sulphuric 
acid m.p. 179_1810, vmax 3100 br (NH) and 2200 (CN) cm -1 , 
oH [(CD) 2 S0] 8.82 (lH, S, CH), 7.68 (1H, d, Jortho  10Hz, 
H-6), 7.10-7.05 (2H, m, ArH), 4.50 (1H, brs, NH) (exch.) 
and 3.81 (3H, s, CH 3 ). 
Found: 	m/z (Elms), 240.0767 (M). 
C 11 H 8 N 6 0 requires: 	M, 240.0760. 
427 
Evaporation of the ethereal mother-liquor gave only a 
small amount of a gum (0.03 g) from which no 
characterisable material could be obtained. 
The Attempted Reaction of 8-Methoxy-3-phenyl-10H-1, 2.3-
triazolof5.l-clbenzo-12.4-trjazepjne (406) with 2M 
Aaueous Sodium Hydroxide 
A stirred solution of the triazolobenzotriazepine 
derivative (406) (0.58 g; 0.002 mol) in ethanol (20.0 cm 3 ) 
was heated to reflux then treated with 2M aqueous sodium 
hydroxide (2.5 cm 3 ) and the mixture was heated under 
reflux for lh. 
The resulting suspension was evaporated and the 
residue was treated with water (2.5 cm 3 ) then extracted 
with methylene chloride to give a gum which was triturated 
with ether to afford the unreacted starting material (406) 
(0.26 g; 45%) m.p. 218-220 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
Evaporation of the ethereal mother-liquor gave an 
intractable gum (0.10 g) which yielded no other 
identifiable material. - 
Further work up of the alkaline aqueous mother-liquor 
gave no other identifiable product. 
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The Attempted Reaction of 8 -Methoxy-3-phenyl-10H-1, 2 • 3-
triazolo[5.l-c]benzo-1.2.4-trjazepjne (406) with Glacial 
Acetic Acid 
A stirred solution of the triazolobenzotriazepine 
(406) (0.29 g; 0.001 mol) in glacial acetic acid 
(10.0 cm 3 ) was heated under reflux for 2h. 
The resulting solution was evaporated to give the 
unreacted starting material (406) (0.29 g; 100%) m.p. 
228_2300, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Attempted Reaction of 8-Methoxy-3-phenyl-10H-1. 2,3-
triazolof51-clbenzo-1,2,4-trjazepjne (406) with 
Concentrated Hydrochloric Acid in Glacial Acetic Acid 
A stirred solution of the triazolobenzotriazepine 
derivative (406) (0.29 g; 0.001 mol) in glacial acetic 
acid (5.0 cm 3 ) was treated with concentrated hydrochloric 
acid (0.5 cm 3 ) and the mixture was heated under ref lux for 
27h. 
The resulting solution was evaporated to give a gum 
(0.29 g) which decomposed on exposure to air and therefore 
was not further investigated. 
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The Attempted Reaction of 8-Methoxv-3-phenvl-1OH-1. 2,3-
triazolor5,1-clbenzo--l.2,4-triazepine (406) with Ethanol 
in the Presence of 70% v/v Aqueous Perchioric Acid 
A stirred suspension of the triazolobenzotriazepine 
(406) (0.58 g; 0.002 mol) in ethanol (20.0 cm 3 ) was 
treated at room temperature with 70% v/v aqueous 
perchioric acid (0.5 cm 3 ) and the mixture was heated under 
reflux for 3h. 
The resulting suspension was neutralised with 8% w/v 
aqueous sodium hydrogen carbonate (12.0 cm 3 ) then 
extracted with methylene chloride to give the unreacted 
starting material (406) (0.58 g; 100%) m.p. 228_2300, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The Attempted Photolysis of 8-Metho-3-phenvl-l0H-1. 2,3-
triazolol5.l-clbenzo-1,2,4-triazepjne (406) 
A solution of the triazolobenzotriazepine (406) 
(0.29 g; 0.001 mol) in ethyleneglycol dimethylether 
(200 cm 3 ) was irradiated under nitrogen at 254 nm in a 
Harnovia medium pressure photochemical reactor for 7.5h. 
The resulting solution was evaporated to afford the 
unreacted starting material (406) (0.29 g; 100%) m.p. 
214-216 0 , identical (m. p. and i.r. spectrum) to an 
authentic sample. 
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The Reaction of Ethyl 6,7,8-Trimethoxy-1OH-1,2,3-trjazolo 
r5.1-clbenzo-1. 2. 4-triazepine-3-carboxvlate (431) with 
Concentrated Sulphuric Acid in Glacial Acetic Acid 
A stirred solution of the triazolobenzotriazepine 
derivative (431) (0.35 g; 0.001 mol) in glacial acetic 
acid (2.5 cm 3 ) was treated dropwise at <30 0 (water bath) 
with concentrated sulphuric acid (0.8 cm 3 ) then cooled to 
00 (ice-salt bath) and treated dropwise with water 
(0.3 cm 3 ). The mixture was then stirred in the melting 
ice bath for 2h. 
The resulting mixture was diluted with water (2.5 cm 3 ) 
then extracted with methylene chloride. The extract was 
washed three times with 10% w/v aqueous sodium hydrogen 
carbonate (3 x 2.0 cm 3 ) and once with water (2.0 cm 3 ) then 
evaporated to give a gum. This was triturated with 
ether to afford an inseparable 1:2 mixture of the 
triazolobenzotriazepine starting material (431) and ethyl 
4, 8-dihydro-6, 7-dimethoxy-1OH-1, 2, 3-triazolo [5, l-c]benzo-
l,2,4-triazepine-8-one-3-carboxylate (432) (0.26 g) m.p. 
165-167 0 , identified by comparison (m.p., i.r. and 1 H 
n.m.r. spectra) with authentic samples prepared before. 
Evaporation of the ethereal mother-liquor gave a gum 
(0.08 g) whose t.l.c. in ethyl acetate over silica showed 
it to be an unresolvable multi-component mixture which 




(i) 	A stirred solution of the aminotriazole (443a) 
(3.0 g; 0.01 mol) in 2M aqueous sulphuric acid (20.0 cm 3 ) 
and glacial acetic acid (50.0 cm 3 ) was cooled to 0 0 
(ice-salt bath) then treated dropwise at 0-5 0 with a 
solution of sodium nitrite (0.76 g; 0.011 mol) in water 
(3.0 cm 3 ) and the mixture was stirred in the melting ice 
bath for 2h. 
The resulting suspension was filtered and the 
collected solid was washed with water to afford ethyl 
10ff-1, 2, 3-triazolo( 1 ,5-b)benz [d, e] isoquinoline-3-
carboxylate (444) (1.9 g; 68%) which formed pale pink 
coloured plates m.p. 160-161 0 (from ethyl acetate-light 
petroleum), Pmax  1700 (CO) cm-1, 6H  (CDC1 3 ) 9.31 (lH, d, 
ortho 9Hz, ArH), 7.90-7.78 (2H, m, ArH), 7.62-7.44 (3H, 
m, ArH), 6.00 (2H, s, CH 2 ), 4.53 (2H, q, J7Hz, CH 2 ) and 
1.50 (3H, t, J7Hz, CH 0' 
Found: 	C,.68.9; H, 4.7; N, 15.4; m/z (Elms), 279 (M+). 
C 16 H 13 N 3 0 2 requires: 	C, 68.8; H, 4.7; N, 15.1%; M, 279. 
The aqueous acetic acid mother-liquor was concentrated 
to approximately one third of the original volume then 
extracted with methylene chloride. The extract was washed 
twice with 10% w/v aqueous sodium hydrogen carbonate (2 x 
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5.0 cm 3 ) to give a gum (1.9 g) which was f lash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded an 
oil (0.31 g) whose t.l.c. in ethyl acetate over silica 
showed it to be an unresolvable multi-component mixture 
which therefore was not further investigated. 
Further elution with hexane-ethyl acetate (7:3) gave a 
second crop of the triazolo[1,5-b]isoquinoline (444) (0.61 
g; 22%) m.p. 152-154 0 , identical (m.p. and i.r. spectrum) 
to an authentic sample obtained before. 
Elution with hexane-ethyl acetate through ethyl 
acetate to methanol gave a series of intractable gums 
(total 1.1 g) which yielded no identifiable material. 
Repetition of the reaction as described in (i) on 
a 0.045 mol scale afforded a 36% yield of the 1,2,3-
triazolo[1, 5-b]isoquinoline (444) 
(iii) 	A stirred solution of the aminotriazole (443a) 
(3.0 g; 0.01 mol) in glacial acetic acid (25.0 cm 3 ) was 
treated dropwise at <30 0 (water bath) with concentrated 
sulphuric acid (8.0 cm 3 ) then cooled to 0 0 (ice-salt 
bath). A solution of sodium nitrite (0.76 g; 0.011 mol) 
in water (2.5 cm 3 ) was added dropwise, with stirring, at 
0-5 0 and the mixture was stirred in the melting ice bath 
for 2h. 
The mixture was diluted with water (25.0 cm 3 ) then 
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concentrated to approximately one half of the original 
volume and extracted with methylene chloride. The extract 
was washed three times with 10% w/v aqueous sodium 
hydrogen carbonate (3 x 25.0 cm 3 ) and once with water 
(25.0 cm 3 ) then evaporated to give an oil (3.1 g) which 
was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) gave an 
intractable 	oil 	(0.09 	g) 	which 	was 	not 
further investigated, 	followed by ethyl lOH-1,2,3- 
triazolo[1,5-b]benz[d,e]isoquinoline-3-carboxylate 	(444) 
(1.6 g; 58%) m.p. 146-150 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample prepared in (i) before. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of gums (total 1.1 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
The Attempted Hydrolysis of Ethyl 1OH-1.2.3-
triazolofl.5-blbenzldelisoquinoljne-3-carboxylate (444) 
Using 2?1 Aqueous Hydrochloric Acid in the Presence of 
Ethanol 
A stirred solution of the triazolo[1,5-b]benzo 
isoquinoline (444) (0.56 g; 0.002 mol) in ethanol 
(10.0 cm 3 ) was treated with 2M aqueous hydrochloric acid 
(2.5 cm 3 ) and the mixture was heated under reflux for lh. 
The resulting solution was evaporated and the residue 
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was treated with water (2.5 cm 3 ) then extracted with 
methylene chloride to give the unreacted starting material 
(444) (0.46 g; 84%) m.p. 157-159 0 , identical (m.p. and 
i.r. spectrum) to an authentic sample. 
1OH-1.2.3-Triazololl5-blbenz[d.elisociuinoline-3-
carboxylic Acid (446) 
(1) 	A 	stirred 	solution 	of 	the 	triazolobenz 
isoquinoline (444) (0.55 g; 0.002 mol) in glacial acetic 
acid (5.0 cm 3 ) was treated with 2M aqueous hydrochloric 
acid (5.0 cm 3 ) and the mixture was heated under reflux for 
3h. 
The resulting solution was evaporated and the residue 
was washed with 10% w/v aqueous sodium hydrogen carbonate 
(25.0 cm 3 ) to afford the unreacted starting material (444) 
(0.30 g; 55%) m.p. 159-161 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
The aqueous sodium hydrogen carbonate washings were 
acidified to litmus with 2M aqueous hydrochloric acid and 
the precipitated solid was collected to afford 1OH-1,2,3-
triazolo[1,5-b]benz[d,e]isoquinolene-3-carboxylic acid 
(446) (0.20 g; 40%) as a purple powder m.p. 3470-2360 br 
(OH) and 1696 (CO) cm-1, 5H  [(CD 3 ) 2 SO] 13.5 (1H, brs, OH), 
9.19 (lH, d, Jortho  9HZ, ArH), 8.05-7.85 (2H, m, ArH), 
7.66-7.57 (3H, m, ArH) and 6.10 (2H, S, CH 2)' 
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Found: C, 62.5; H, 4.1; N, 15.7%; m/z (Elms), 251 (M-H 2 O). 
C 14H 9 N 3 0 2 requires: 	C, 62.5; H, 4.1, N, 15.6%! N, 269. 
(ii) A stirred solution of the triazolo 
benzisoquinoline (444) (0.56 g; 0.002 mol) in ethanol 
(20.0 cm 3 ) was heated to reflux then treated with 2M 
aqueous sodium hydroxide (2.5 cm 3 ) and the mixture was 
heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was treated with 2M aqueous hydrochloric acid 
(5.0 cm 3 ). The mixture was filtered and the 
insoluble solid was collected to afford 1OH-1,2,3-
triazolo[1,5-b]benz[d,e]isoquinoline-3-carboxylic acid 
(446) (0.52 g; 100%) m.p. 217-219 0 , identical (m.p. and 
i.r. spectrum) to an authentic sample prepared in (i) 
before. 
1OH-1,2.3-Triazololl,5-blbenz[d.elisoauinoline (447 
A stirred suspension of the triazolobenzisoquinoline 
(0.25 g; 0.001 mol) 	in glacial acetic acid 
(10.0 cm 3 ) was heated under ref lux for 24h. 
The resulting solution was evaporated to give a gum 
(0.25 g) which was flash-chromatographed over silica. 
Elution 	with 	hexane-ethyl 	acetate 	(8:2) 
afforded 	1OH-1,2,3-Triazolo[1,5-b]benz[d,e]isoquinoline 
(0.16 g; 67%) as an amorphous yellow solid m.p. 248 0 
(decomp.) (from ethanol), 6H  (CDC1 3 ) 8.09 (lH, s, CH), 
7.85-7.69 (3H, in, ArH), 7.59-7.43 (3H, m, ArH) and 5.96 
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(2H, s, CH 2)' 
Found: C, 75.0; H, 4.4; N, 20.2%; m/z (Elms), 
207.0793 (Nt). 
C 13H 9N 3 requires: C, 75.4; H, 4.4; N, 20.3%; M, 207.0796. 
Further elution with hexane-ethyl acetate (8:2) gave 
the unreacted starting material (446) (0.01 g; 4%), 
identical ( 1 H n.in.r. spectrum) to an authentic sample. 
The Attempted Reaction of 1OH-12,3-Triazololl,5-blbenz 
Id.elisoquinoline-3-carboxylic Acid (446) with 
Concentrated Hydrochloric Acid 
Small portions of the triazolobenzisoquinoline (446) 
(0.25 g; 0.001 mol) were added, with stirring, to 
concentrated hydrochloric acid (2.5 cm 3 ) and the mixture 
was stirred at room temperature, with exclusion of 
atmospheric moisture, for lh. 
The resulting suspension was neutralised with iON 
aqueous sodium hydroxide and the insoluble solid was 
collected to afford the unreacted starting material (446) 
(0.23 g; 92%) in.p. 206-208 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
2-(Azidomethyl)biphenyl (449) 
A stirred solution of 2-(bromomethyl)biphenyl (3.7 g; 
0.015 inol) in anhydrous dimethylformamide (6.0 cm 3 ) was 
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treated with sodium azide (0.98 g; 0.015 mol) and the 
mixture was stirred, with exclusion of atmospheric 
moisture, at room temperature for 24h. 
The resulting suspension was diluted with water 
(60.0 cm 3 ) then extracted with ether. The extract 
was washed three times with water (3 x 20.0 cm 3 ) 
then evaporated to afford the known 131 2-
(azidomethyl)biphenyl (449) (3.2 g; 100%) as a golden oil, 
'max 2100 (N 3 ) cm which was used without further 
purification. 
Ethyl 5-Axnino-1-(bihenvl-2-vlmethyl) -1H-l2. 3-triazole-
4-carboxylate (450) 
A stirred solution of sodium (0.46 g; 0.02 g.atom) in 
anhydrous ethanol (20.0 cm 3 ) was treated with ethyl 
cyanoacetate (2.3 g; 0.02 mol) followed by the azide (449) 
(2.1 g; 0.01 mol) and the mixture was stirred at room 
temperature for 2h then heated under reflux for 0.5h. 
The resulting solution was evaporated and the residue 
was treated with water (20.0 cm 3 ) then extracted with 
methylene chloride to give a gum (3.0 g) which was flash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) gave a series 
of intractable oils (total 1.9 g) which yielded no 
identifiable material. 
Elution with hexane-ethyl acetate (3:7) afforded ethyl 
5-amino-i- (biphenyl-2-ylmethyl) -1H-1, 2, 3-triazole-4- 
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carboxylate (450) (0.45 g; 14%) which formed colourless 
needles m.p. 176-177 0 (from toluene), umax  4450-3100 br 
(NH 2 ) and 1690 (CO) cm', oH (CDC1 3 ) 7.49-7.15 (9H, m, 
ArH), 5.31 (2H, s, Cl! 2 ), 4.53 (2H, brs, NH 2 ), 4.33 (2H, q, 
J7Hz, CH 2 ) and 1.35 (3H, t, J7H2, Cl! 3 ). 
Found: C, 67.6; H, 5.6; N, 17.2%; m/z (Elms), 322.1432 (M+) 
C 18 H 18 N 4 0 2 requires: C, 67.1; H, 5.6; N, 17.4%; N, 322.1430 
Elution with hexane-ethyl acetate (1:9) through ethyl 
acetate to methanol gave only a series of intractable gums 
(total 0.41 g) which yielded no identifiable material. 
Ethyl 12H-12,3-Triazololl,5-qldibenzfc,elazepjne-3-
carboxvlate (451) 
A stirred solution of the aminotriazole (450) (0.32 g; 
0.001 mol) in glacial acetic acid (2.5 cm 3 ) was treated 
dropwise at <30 0 (water bath) with concentrated sulphuric 
acid then cooled to 0 0 (ice-salt bath). A solution of 
sodium nitrite (0.08 g; 0.0011 mol) in water (0.2 cm 3 ) was 
added dropwise with stirring at 05 0 and the mixture was 
stirred in the melting ice bath for 2h. 
The mixture was diluted with water (2.5 cm 3 ) and the 
resulting suspension was concentrated to approximately one 
half of its original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 2.5 cm 3 ) then with 
439 
water (2.5 cm 3 ) and evaporated to give an oil (0.30 g) 
which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded ethyl 
12H-1,2, 3-triazolo[l,5-g]dibenz[c,e]azepine-3-carboxylate 
(451) (0.19 g; 62%) which formed colourless plates m.p. 
191-192 0 (from toluene), Pmax  1710 (CO) cm', oH (CDC1 3 ) 
8.07-7.91 (1H, m, ArH), 7.72-7.34 (7H, m, ArH), 5.13 (1H, 
d, J20Hz, CH), 4.95 (lH, d, J20Hz, CH), 4.43 (211, q, J7Hz, 
CH 2 ) and 1.35 (3H, t, J7Hz, CH 0' 
Found: 	C, 70.6; H, 4.9; N, 13.6%; m/z (Eims), 305 (M+). 
C 18 H 15 N 3 0 2 requires: 	C, 70.8; H, 4.9; N, 13.8%; M, 305. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums (total 0.07 g) 
whose t.1.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
1-Benzyl-5-methyl-1H-1 2 3-triazolol4 .5-cl quinolin-4 ( 5H)-
one (457) 
(1) 	A stirred solution of the aminotriazole (454) 
(1.5 g; 0.005 mol) in 2N aqueous sulphuric acid (10.0 cm 3 ) 
and glacial acetic acid (25.0 cm 3 ) was cooled to 0 0 
(ice-salt bath) then treated dropwise at 0-5 0 with a 
solution of sodium nitrite (0.41 g; 0.006 mol) in water 
(1.5 cm 3 ) and the mixture was stirred in the melting ice 
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bath for 2h. 
The mixture was concentrated to approximately one 
third of its original volume then diluted with water 
(25.0 cm 3 ) and extracted with methylene chloride. The 
extract was washed three times with 8% w/v aqueous sodium 
hydrogen carbonate (3 x 10.0 cm 3 ) then evaporated to give 
a gum (1.4 g) which was flash-chroinatographed over silica. 
Elution with hexane-ethyl acetate (7:3) gave the 
unreacted starting material (454) (0.37 g; 25%) m.p. 
194-197°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
Further 	elution 	with 	hexane-ethyl 	acetate 
(7:3) afforded 1-benzyl-5-methyl-1H-1,2,3-triazolo[4,5-c] 
quinolin-4(5H)-one (457) (0.51 • g; 35%) which formed 
colourless plates m.p. 257-259 0 (from glacial acetic acid) 
"max 1680 (CO) cm-1 , oH (CDC1 3 ) 7.70 (lH, dd, 3meta  2Hz, 
3ortho 9Hz, ArH), 7.55-7.36 (3H, m, ArH), 7.34-7.05 (5H, 
m, ArH), 6.05 (2H, s, CH 2 ) and 3.68 (3H, 5, CH 3 ). 
Found: C, 69.8; H, 4.8; N, 19.0%; m/z (Elms), 290.1166 (M+) 
C 17 H 14N 40 requires: C, 70.3; H, 4.8; N, 19.3%; M, 290.1168. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave a series of intractable gums and 
solids (total 0.36 g) which yielded no identifiable 
material. 
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(ii) 	A stirred solution of the aminotriazole (454) 
(1.5 g; 0.005 mol) in glacial acetic acid (12.5 cm 3 ) was 
treated dropwise at <300 (water bath) with concentrated 
sulphuric acid (4.0 cm 3 ) then cooled to 0 0 (ice-salt 
bath). A solution of sodium nitrite (0.41 g; 0.006 mol) 
in water (1.2 cm 3 ) was added dropwise, with stirring, at 
0-5 0 and the mixture was stirred in the melting ice bath 
for 2h. 
The mixture was diluted with water (12.5 cm 3 ) then 
concentrated to approximately one half of the original 
volume and extracted with methylene chloride. The extract 
was washed twice with 10% w/v aqueous sodium hydrogen 
carbonate (2 x 10.0 cm 3 ) and water (5.0 cm 3 ) then 
evaporated to give a semi-solid which was washed 
with ether to afford l-benzyl-5-methyl-1H-1,2,3-
triazolo[4,5-c]quinolin-4(5H)-one (457) (1.2 g; 83%) m.p. 
257-259 0 , identical (m.p. and 1 H n.m.r. spectrum) to an 
authentic sample prepared in (i) before. 
Evaporation of the ethereal mother-liquor gave a gum 
(0.26 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (7:3) afforded 
1-benzyl-lH-1, 2, 3-triazole-4-(N-phenylcarboxamide) (456) 
(0.10 g; 7%) which formed colourless needles m.p. 184-185 0 
(from ethyl acetate), vmax  3350 (NH) and 1670 (CO) cm', 
ÔH (CDC1 3 ) 8.93 (1H, brs, NH), 8.08 (lH, s, CH), 7.45-7.10 
(10H, m, ArH) and 5.60 (2H, s, CH 2)' 
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Found: 	C, 69.0; H, 4.9; N, 20.1%; m/z (Elms), 278 (M+). 
C 16 H 14N 40 requires: 	C, 69.1; H, 5.0; N, 20.1%; M, 278. 
Further elution with hexane-ethyl acetate (7:3) 
afforded a second crop of the triazoloquinoline (457) 
(0.05 g; 3%) m.p. 235-237 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample obtained before. 
Elution with hexane-ethyl acetate (6:4) through ethyl 
acetate to methanol gave only a series of intractable gums 
and solids (total 0.10 g) which yielded no characterisable 
material. 
The Attempted Reaction of 5-Amino-l-benzyl-1H-1,2 .3-
triazole-4- (N-methyl-N-pheny1carboxamide) (454) with 
Concentrated Sulphuric Acid in Glacial Acetic Acid 
A stirred solution of the aminotriazole derivative 
(454) (0.31 g; 0.001 mol) in glacial acetic acid (2.5 cm 3 ) 
was treated dropwise at <30 0 (water bath) with 
concentrated sulphuric acid (0.8 cm 3 ) then cooled to 0 0 . 
The mixture was treated dropwise with water (0.25 cm 3 ) 
then stirred in the melting ice bath for 2h. 
The mixture was diluted with water (2.5 cm 3 ) then 
concentrated to approximately one half of the original 
volume and extracted with methylene chloride. The extract 
was washed twice with 8% w/v aqueous sodium hydrogen 
443 
carbonate (2 x 2.5 cm 3 ) then evaporated to give the 
unreacted starting material (454) (0.25 g; 81%) M.P. 
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STUDIES OF NEW HETEROCYCLISATION REACTIONS OF 
5-ANINO-1-ARYL-1H-1. 2. 3-TRIAZOLE DERIVATIVES 
4.1 	INTRODUCTION 
The 	ability 	of 	5-amino-l-aryl-lH-1,2,3-triazole 
derivatives to undergo diazotative cyclisation with 
concomitant loss of molecular nitrogen has been discussed 
in Chapter 3. Preliminary mechanistic studies suggest 
that triazolyl cation intermediates are involved in these 
novel diazotative transformations and that such 
intermediates can undergo intramolecular cyclisation by 
electrophilic substitution of an aromatic substituent 
attached to position one or position four of the triazole 
ring. The failure of some of the resulting bridgehead-
fused 1,2,3-triazole derivatives to undergo acid-catalysed 
triazole scission was attributed to the cleavage product 
being non-aromatic and thus the usual driving force for 
the cleavage of the triazole ring of such heterocycles 
being absent. However, if the product formed by acid-
catalysed triazole scission of a bridgehead-fused 1,2,3-
triazole derivative is aromatic, it would be anticipated 
that the cleavage product would be of a lower energy than 
the fused system due to the strain imposed on the latter 
by the 5-membered triazole ring, and thus providing a 
driving force for triazole cleavage. It was of interest 
therefore to investigate the scope of the novel 
diazotative, deaminate cyclisation reactions of 5-amino-1- 
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aryl-lH-1,2,3-triazoles for the synthesis of bridgehead-
fused 1,2,3-triazole derivatives which would afford 
aromatic heterocyclic products on cleavage. Such 
cyclisation and subsequent triazole cleavage would provide 
a useful route to usefully functionalised heterocyclic 
products not readily accessible using standard synthetic 
methods. 
4.2 	STUDIES OF HETEROCYCLISATION REACTIONS BASED ON 
DIAZOTATIVE TRANSFORMATIONS OF 5-ANINO-1-ARYL-1H-
1.2. 3-TRIAZOLE DERIVATIVES 
Phenanthridine derivatives have been known 99 since the 
late nineteenth century and the phenanthridine nucleus is 
also present in many naturally occurring alkaloids. 100 
However, although synthetic methods for the preparation of 
individual phenanthridine derivatives are available, 1 0 1 
the flexibility of most of these methods is extremely 
limited. It was of interest therefore (Scheme 100), to 
attempt to exploit the ability of 
5-amino-l-aryl-lH-1, 2, 3-triazole derivatives to undergo 
triazolyl cation insertion reactions, leading to 
1,2, 3-triazolo[1, 5-f]phenanthridine derivatives because 
acid-catalysed triazole cleavage of such heterocycles 
could provide a general, flexible route to usefully 
functionalised phenanthridine derivatives [e.g. (464a-d)]. 
Therefore, the azide (459) was condensed with ethyl 
cyanoacetate (202) in the presence of base to give a good 
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yield of a solid whose analytical and spectroscopic 
properties showed it to be the expected aminotriazole 
(460). Diazotisation of the aminotriazole (460) under 
dilute acid and concentrated acid conditions gave almost 
identical yields of a solid, whose elemental analysis and 
mass spectrum showed it to have the molecular formula 
C 12H 13N 3 0 2 . The 1 H nm.r. spectrum of this solid showed 
the triplet-quartet signals characteristic of an ethoxy 
group as well as a five proton multiplet, a three proton 
multiplet and a one proton multiplet, the latter being 
attributable to H-4 of the triazolophenanthridine (461). 
Confirmation that diazotisation of the aminotriazole (460) 
had afforded the triazolophenanthridine (461) was provided 
by the 1 C n.m.r. spectrum of the product, which showed a 
primary carbon atom, a secondary carbon atom, eight 
tertiary carbon atoms and seven quaternary carbon atoms. 
Reaction of the triazolophenanthridine (461) with 2M 
aqueous sodium hydroxide gave a high yield of an acidic 
product whose mass, i.r. and 1 H n.m.r. spectra were 
consistent with its formulation as the carboxylic acid 
(462). However due to its thermal instability, this 
acidic product could not be confirmed as the acid (462) by 
elemental analysis. Nevertheless, in further support of 
its structure, the carboxylic acid (462) was thermally 
decarboxylated in dimethyl formamide to give the known 28 
triazolophenanthridine (463). The triazolophenanthridine 
(463) was then shown to react with acetic acid to give a 
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high yield of the 6-acetoxymethyiphenanthridine (464a) 
which analysed correctly and had spectroscopic properties 
fully in accord with its assigned structure. An attempt 
to hydrolyse the acetoxymethyl derivative (464a) to the 
corresponding alcohol (464e) using 70% aqueous acetic acid 
gave only an intractable gum. In addition attempted 
preparation of the alcohol (464e) by cleavage of the 
triazolophenanthridine (463) using 70% v/v aqueous acetic 
acid gave only an intractable gum, while its attempted 
synthesis by the reaction of the triazolophenanthridine 
(463) with 20% v/v aqueous sulphuric acid gave only the 
unreacted starting material (463). A solution of the 
triazolophenanthridine (463) in acetic acid was next 
heated with 20% w/v aqueous sulphuric acid in anticipation 
of the formation of the alcohol (464e). However under 
these conditions the triazolophenanthridine (463) was 
converted into an intractable gum. 
An attempt was then made to prepare the 
chloromethylphenanthridine (464b) by cleavage of the 
triazolophenanthridine (463) using acetyl chloride in 
acetic acid. However, with these reagents the 
triazolophenanthridine (463) gave only an intractable gum. 
In contrast, reaction of the triazolophenanthridine (463) 
with concentrated hydrochloric acid in acetic acid gave a 
moderate yield of a solid whose analytical and 
spectroscopic properties were in full accord with its 
formulation as the chioromethyiphenanthridine derivative 
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(464b). The susceptibility of the triazolophenanthridine 
derivative (463) to undergo acid-catalysed triazole 
scission was further demonstrated by the reaction of the 
latter with acetyl bromide in acetic acid to give a good 
yield of the bromomethyiphenanthridine (464c) which was 
fully characterised analytically and spectroscopically. 
An attempt to prepare the ethoxymethyiphenanthridine 
(464f) by reaction of the triazolophenanthridine (463) 
with ethanol in the presence of perchloric acid gave only 
the unreacted starting material (463) after a reaction 
time of lh and an intractable gum after 47h. The 
reductive cleavage of the triazolophenanthridine (463) was 
also demonstrated by the reaction of the latter with 
sodium dithionite in acetic acid to give a moderate yield 
of the 6-methyiphenanthridine (464d) which gave a 
combustion analysis and showed spectroscopic properties 
consistent with its assigned structure. The probability 
that the acetoxymethyiphenanthridine (464a) is involved as 
an intermediate in this reductive cleavage was supported 
by the finding that the acetoxymethyl compound (464a) was 
reduced to the 6-methyiphenanthridine (464d) by reaction 
with sodium dithionite in acetic acid. An attempt was 
also made to effect the acid-catalysed oxidative cleavage 
of the triazole ring of the triazolophenanthridine (463). 
However, the reaction of the latter with chromium trioxide 
in acetic acid gave only an intractable gum which yielded 
no identifiable material. 
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It has been discussed in Chapter 2 (see Section 2.2) 
that bridgehead-fused 1,2,3-triazole derivatives, with a 
carboxylic acid group attached to the triazole ring, can 
undergo in situ decarboxylation and acid-catalysed 
triazole cleavage. It was of interest therefore to 
determine if the triazolophenanthridine carboxylic acid 
(462) would prove susceptible to in situ decarboxylation 
and triazole cleavage. Therefore (Scheme 100), the 
carboxylic acid (462) was refluxed in glacial acid and 
gave a high yield of the previously prepared 
acetoxymethyiphenanthridine (464a). An attempt was then 
made to prepare the ethoxymethyiphenanthridine (454f) by 
reaction of the carboxylic acid (462) with ethanol in the 
presence of perchioric acid. However, this reaction 
mixture gave only a quantitative yield of the ester (461) 
probably due to the boiling point of ethanol being too low 
to induce decarboxylation of the carboxylic acid (462). 
It is well known 5 ° that bridgehead-fused 
1,2,3-triazoles with an electron-withdrawing group 
attached to the triazole ring are not susceptible to 
acid-catalysed triazole scission (with the exception of 
the 1,2,3-triazolobenzo-1,2,4-triazine ring system as 
discussed previously in Chapter 2). The carboxylic acid 
(462) is thus not susceptible to acid-catalysed triazole 
scission before decarboxylation has taken place and 
therefore undergoes acid-catalysed esterification rather 
than cleavage. The ability of the carboxylic acid (462) 
(467a and b) 
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to undergo acid-catalysed reductive cleavage was however 
demonstrated by the reaction of the latter with sodium 
dithionite in acetic acid to give the previously prepared 
6-methyiphenanthridine (464d). 
It has been discussed in Chapter 3 that the 
substituent attached to position 4 of the triazole ring of 
a 5-amino-l-aryl-1H-1,2,3-triazole derivative has an 
important influence on the success of the diazotative 
cyclisation of the latter. It was of interest therefore 
(Scheme 101) to compare the efficiency of the diazotative 
cyclisation of the 4-phenyl-5-aminotriazole (467a) with 
the diazotative cyclisation of the aminotriazole ethyl 
ester (460). Consequently, the azide (459) was condensed 
with benzyl cyanide (233a), in the presence of base, to 
give a good yield of the aminotriazole (467a) which was 
fully characterised analytically and spectroscopically. 
The aminotriazole (467a) was then diazotised under dilute 
acid conditions, to give a low yield of a solid product 
whose elemental analysis and mass spectrum showed it to 
have the molecular formula C 20H 13 N 3 . Confirmation of the 
formation of the triazolophenanthridine (468a) was 
provided by the 1 H n.m.r. spectrum of this product, which 
showed signals due only to thirteen aromatic protons. 
Diazotisation of the aminotriazole (467a) under 
concentrated acid conditions gave approximately a 150% 
increase in the yield of the triazolophenanthridine (468a) 
compared with that obtained under dilute acid conditions. 
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This increase in the efficiency of the diazotative 
cyclisation under concentrated acid conditions is possibly 
due to the greater stabilisation of the triazolyl cation, 
generated from the aminotriazole (467a), in strong acid. 
However, in common with the diazotative, deaminative 
cyclisation of other 5-amino-l-aryl-1H-1, 2, 3-triazole 
derivatives, it does not appear to be possible to predict 
the relative efficiencies of the diazotative cyclisation 
of such heterocycles under concentrated or dilute acid 
conditions. An attempt was then made to induce the acid-
catalysed triazole scission of the triazolophenanthridine 
(468a) by heating in glacial acetic acid. However, work 
up of the resulting reaction mixture gave only the 
unreacted starting material (468a). Attempts to cleave 
the triazolophenanthridine (468a) using acetyl chloride in 
acetic acid, or using ethanol in the presence of 
perchioric acid, also provided unsuccessful and only high 
yields of the unreacted triazolophenanthridine starting 
material (468a) were recovered in both reactions. 
The failure of the 3-phenyl--1,2,3-triazolo[1,5-f] 
phenanthridine (468a) to undergo acid-catalysed triazole 
scission was unexpected. It was anticipated that the 
aromaticity of the cleavage products (470) would provide 
the necessary driving force for the acid-catalysed 
triazole scission of the relatively strained 
triazolophenanthridine (468a). A possible explanation for 
the seemingly anomalous stability of the 
453 
triazolophenanthridifle (468a) to acid-catalysed triazole 
cleavage could be that the -I inductive effect of the 
phenyl group at C-3 reduces the basicity of the triazole 
ring sufficiently to inhibit protonation and consequently, 
as discussed in Chapter 1, Section 1.3, to prevent 
triazole cleavage. However, the prevention of acid-
catalysed triazole scission of a bridgehead-fused 
1,2,3-triazole derivative by a phenyl substituent, 
attached to the triazole ring of the latter, appears to be 
unknown in the literature. It was therefore decided to 
attempt to prepare the 3-(4-methoxyphenyl)-1,2,3-
triazolophenanthridine (468b) because it was hoped that 
the +M mesomeric effect of the methoxy group would 
compensate for the -I inductive effect of the phenyl ring 
and thus make the triazole ring of the 
triazolophenanthridine 	(468b) 	susceptible 	to 
acid-catalysed cleavage. consequently, the azide (459) 
was condensed with 4-methoxybenzyl cyanide in the presence 
of base to give the aminotriazole (467a) which was fully 
characterised analytically and spectroscopically. 
Diazotisation of the aminotriazole (467a) under 
concentrated acid conditions gave a reasonable yield of a 
solid product whose analytical and spectroscopic 
properties were in full accord with it being the 
triazolophenanthridine (468b). An attempt was then made 
to cleave the triazole ring of the triazolophenanthridine 
(468a) by heating with acetyl chloride in acetic acid. 
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However work up of the resulting reaction mixture gave 
only the unreacted starting material. It was then decided 
to attempt to increase the basicity of the triazole ring 
even further. Therefore the azide (459) was condensed 
with 3,4-dimethoxybenzyl cyanide (466), in the presence of 
base, to give the aminotriazole (467c) which gave a 
combustion analysis and showed spectroscopic properties 
fully in accord with its assigned structure. It was 
anticipated that diazotisation of the aminotriazole (467c) 
would result in deaminative, diazotative cyclisation to 
afford a triazolophenanthridine derivative containing a 
triazole ring whose basicity and hence acid-catalysed 
triazole cleavage would be enhanced by the presence of two 
electron-donating methoxy groups attached to the phenyl 
ring at C-3 of the triazolophenanthridine ring system. 
However, diazotisation of the aminotriazole (467c) under 
concentrated acid conditions gave a solid product whose 
elemental analysis and mass spectrum showed it to have the 
molecular formula C 22 H 1 ,N 50 2 . The 1 H n.m.r. spectrum of 
this product showed proton signals due to two methoxy 
groups, a five proton aromatic multiplet, a four proton 
aromatic multiplet and two one proton aromatic singlets at 
67.88 and 67.98, features confirming this material as the 
triazolocinnoline (469). With hindsight, it was unlikely 
that diazotisation of the aminotriazole (467c) would 
result in deaminative intramolecular cyclisation since the 
phenyl ring attached to position 4 of the triazole ring of 
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the amjnotriazole (467c) is much more activated towards 
electrophilic substitution than the biphenyl nucleus. 
Due to the difficulty encountered in inducing the 
intramolecular 	deaminative 	cyclisation 	of 	the 
aminotriazole (467c), it was not possible to examine the 
acid-catalysed 	triazole 	scission 	of 	a 
triazolophenanthridine with a highly electron rich phenyl 
substituent attached to C-3. However, the stability of 
3-(4-methoxyphenyl)-1,2,3-triaZolO[1,5-f]Phenaflthridifle 
(468b) towards acid-catalysed triazole scission suggests 
that factors other than the basicity of the triazole ring 
are involved in preventing scission of the heterocycles 
(468a and b). 
The benz[c,d]indole ring system (471) occurs in 
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over the years. It was of interest therefore to attempt 
to exploit the ability of certain 5-amino-l-aryl-1H-1,2,3-
triazole derivatives to undergo diazotative, deaminative 
cyclisation, in the synthesis of triazolobenzindole 
derivatives [e.g. (472)]. Acid-catalysed triazole 
scission of such heterocycles could then afford a general 
route to usefully functionalised benz[c,d]indole 
intermediates, which might prove useful in the dyeing 
industry. Therefore (Scheme 102), the azide (473) was 
condensed with ethyl cyanoacetate (202) in the presence of 
sodium ethoxide to give the aminotriazole (474) which was 
fully characterised analytically and spectroscopically. 
Unfortunately, attempts to induce the aminotriazole (474) 
to undergo diazotative cyclisation, to afford the 
triazolobenzindole (475) , gave only multi-component 
mixtures under both dilute and concentrated acid 
conditions. The failure of the aminotriazole (474) to 
undergo diazotative cyclisation is undoubtedly due to the 
highly strained nature of the anticipated product (475) 
and this potential synthetic route to triazolobenzindole 
derivatives such as (475) was not further investigated. 
The dibenz[b,f][1,4]oxazepine ring system shows a 
variety of useful pharmacological properties including 
anti-anxiolytic effects. 1 0 1 It was of interest therefore 
(Scheme 103) to attempt the diazotative cyclisation of the 
aminotriazole (479) as acid-catalysed triazole scission of 
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provide a route to dibenz[b,f][1,4]oxazepine derivatives 
which might prove useful as intermediates for the 
preparation of other pharmaceutical agents. Therefore, 
the known 102 nitro compound (476) was prepared by 
condensation of 3-chloronitrobenzene with 3-methoxyphenol, 
in the presence of base. The nitro compound (476) was 
then reduced catalytically to give the knownl02 amine 
and the latter was converted into the known' 02 azide 
by diazotisation followed by reaction with sodium 
azide. 	The azide (478) was then condensed with ethyl 
cyanoacetate (202), in the presence of base, to give the 
aminotriazole 	(479) which was 	fully characterised 
analytically and spectroscopically. Unfortunately, 
diazotisation of the aminotriazole (479) under both dilute 
and concentrated acid conditions gave only intractable 
gums and tars. The failure of the aminotriazole (479) to 
undergo diazotative cyclisation to the 
triazolodibenzoxazepine (480) is possibly due to 
acid-catalysed cleavage of the biphenyl ether linkage and 
subsequent polymerisation of the resulting phenolic 
products. However, this reaction was not further 
investigated. 
Throughout this thesis, diazotative cyclisation of 
5-arnino-l-aryl-1H-1, 2, 3-triazole derivatives has taken 
place by substitution of an aromatic C-H group by a 
diazonium cation or a triazolyl cation. It was of 
interest therefore to examine the feasibility of trapping 
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a triazolyl cation with a non-aromatic double bond. 
Consequently (Scheme 104), the aldehyde (481) was 
converted into the known 103 nitrostilbene (483) using the 
Wittig reaction. An attempt (Scheme 105) to reduce the 
nitro compound (483) to the amine (484) using iron filings 
in glacial acetic acid, as described by Sundberg and his 
coworkers 103 gave only an intractable gum. It was then 
decided to attempt the preparation of the 
trans-aminostilbene (484) by reduction of the nitro 
compound (483) using a sodium borohydride-cobaltous 
chloride hexahydrate complex. 104 However, work up of the 
resulting reaction mixture gave only a gum, whose 
spectroscopic properties were in full accord with its 
identification as the known 105 2-aminophenylethane 
derivative (490). An attempt to prepare the aminostilbene 
(484) from the nitro compound (483) using stannous 
chloride in acetic acidloe also proved unsuccessful and 
indeed no reduction of the nitro compound (483) was 
observed under these conditions. The aminostilbene (484) 
was eventually prepared, in moderate yield, by reduction 
of the nitro compound (483) using titanium trichloride. 
Also obtained from the reaction of the nitro compound 
(483) with titanium trichioride was a low yield of an oil 
which was characterised as the cis-aminostilbene (486). 
The trans- aminostilbene (484) was then diazotised and the 
resulting diazonium solution was treated with sodium 
azide, to give the known' 03 azide (485). The azide (485) 
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was condensed with ethyl cyanoacetate, in the presence of 
base, to give a moderate yield of the aminotriazole (487) 
which was fully characterised analytcially and 
spectroscopically. The reaction of the azide (485) with 
ethyl cyanoacetate also gave an acidic by-product whose 
elemental analysis and spectroscopic properties were 
consistent with it being the Dimroth rearranged 
aminotriazole (488). Diazotisation of the aminotriazole 
under both dilute and concentrated acid conditions gave 
only intractable gums from which no identifiable material 
could be obtained. A possible explanation for the failure 
of the aminotriazole (487) to undergo diazotative 
cyclisation to afford the triazoloquinoline derivative 
(489) could be that the non-aromatic ethene bond undergoes 
protonation and subsequent solvolysis under the 
diazotisation conditions. The resulting product(s) might 
then be acid labile and would therefore undergo 
decomposition. The lack of success in inducing the 
diaztoative cyclisation of the aminotriazole (487) brought 
the current investigations of the novel triazolyl cation 
insertion reaction of 5-amino-l-aryl-1H-1, 2, 3-triazole 
derivatives to a conclusion. However, preparation of 
functionalised phenanthridine intermediates suggests that 
it could be the subject of further detailed investigations. 
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4.3 	EXPERIMENTAL 
GENERAL EXPERIMENTAL DETAILS 
For general experimental details see Chapter 2, 
Section 2.4, page 124. 
2-Azidobthhenyl (459) 
A stirred solution of 2-aminobiphenyl (33.8 g; 
0.02 mol) in concentrated sulphuric acid (36.0 cm 3 ) and 
water (210 cm 3 ) was cooled to 0 0 (ice-salt bath) then 
treated dropwise at 0-5 0 with a solution of sodium nitrite 
(15.2 g; 0.22 mol) in water (100 cm 3 ). The mixture was 
stirred at <5 0 for 0.5h then treated dropwise at 0-5 0 with 
a solution of sodium azide (19.5 g; 0.3 mol) in water. 
The mixture was then stirred in the melting ice bath for 
0.5h. 
The resulting suspension was extracted with ether to 
afford the known' 32 2-azidobiphenyl (459) (37.4 g; 96%) as 
a brown solid m.p. 48-50 0 (lit.,132 49500), umax 2100 (N 3 ) 
cm', which was used without further purification. 
Prelaration of 5-Amino-1-(biDhenvl-2-vl)-1H-1.2 . 3-triazole 
Derivatives 
A stirred solution of sodium (2.3 g; 0.02 g.atom) in 
anhydrous ethanol (10.0 cm 3 ) was treated with the 
activated acetonitrile derivative (0.02 mol) followed by 
2-azidobiphenyl (459) (2.0 g; 0.001 mol) and the mixture 
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was stirred at room temperature for 2h then heated under 
reflux for 0.5h. 
The resulting mixture was evaporated and the residue 
was treated with water (10.0 cm 3 ) then extracted with 
methylene chloride to give a semi-solid which was washed 
with ether to afford the aminotriazole product. 
(1) 	The reaction of 2-azidobiphenyl (459) with ethyl 
cyanoacetate (202) in the presence of sodium ethoxide 
afforded ethyl 5-amino-i- (biphenyl-2-yl)-1H-1, 2,3-
triazole-4-carboxylate (460) (yield 65%) which formed 
cream coloured needles m.p. 138-140 0 (from ethanol), 'max 
3450-3180 br (NH) and 1675 (CO) cm-1, 6H  (CDC1 3 ) 7.63-7.44 
(4ff, m, ArH), 7.34-7.10 (5H, in, ArH), 4.65 (2H, brs, NH 2)
(exch.), 4.33 (2H, q, J7Hz, CH.) and 1.37 (3H, t, J7Hz, 
CH 3 ). 
Found: 	C, 66.0; H, 5.2; N, 18.2%; m/z (Elms), 308 (Mt). 
C l?H 16 N 4 0 2 requires: 	C, 66.2; H, 5.2; N, 18.2%; M, 308. 
Evaporation of the ethereal mother-liquor gave an oil 
whose t.l.c. in hexane over silica showed it to be an 
unresolvable multi-component mixture which therefore was 
not further investigated. Further work up of the akaline 
aqueous mother-liquor gave no other identifiable product. 
(ii) 	The reaction of 2-azidobiphenyl (459) with benzyl 
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cyanide (233a) in the presence of sodium ethoxide afforded 
5-amino-i- (biphenyl-2-yl) -4-phenyi-1H-1, 2, 3-triazole 
(467a) (yield 89%) as a colourless solid m.p. 176-178 0  
(from glacial acetic acid), 3'max  3420-3370 br (NH) cm, 
oH (CDC1 3 ) 7.64-7.18 (14H, in, ArH) and 3.43 (2H, brs, NH 2 ) 
(exch.). 
Found: m/z (Elms), 312.1394 (M+). 
C 20H 16N 4 requires: N, 312.1375. 
Evaporation of the ethereal mother-liquor gave only an 
intractable oil which yielded no other identifiable 
material. 
The reaction of 2-azidobiphenyl (459) with 
4-methoxyphenylacetonitrile (465) in the presence of 
sodium ethoxide afforded 5-amino-i-(biphenyi-2-yi)-4-(4-
methoxyphenyi)-1H-1,2,3-triazole (467b) (yield 100%) which 
formed colourless needles m.p. 112-114 0 (from ethyl 
acetate), umax 3480-3370 br (NH) cm-1, 0H  (CDC13) 
7.58-7.43 (6H, in, ArH), 7.27-7.21 (4H, in, ArH), 3.80 (3H, 
s, CH 3 ) and 3.30 (2H, brs, NH 2 ) ( exch.). 
Found: C, 72.4; H, 5.3; N, 15.7%; m/z (Elms), 342.1485 (N) 
C 21 H 18N 40 requires: C, 73.7; H, 5.3; N, 16.4%; N, 342.1481 
Evaporation of the ethereal mother-liquor gave only an 
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intractable gum which yielded no other identifiable 
material. 
(iv) 	The reaction of 2-azidobiphenyl (459) with 3,4- 
dimethoxyphenylacetonitrile (466) in the presence of 
sodium ethoxide afforded 5-amino-].-(biphenyl-2-yl)-4-(3,4-
dimethoxyphenyl)-1H-1,2,3-triazole (467c) (yield 73%) 
which formed colourless plates m.p. 165-167 0 (from ethyl 
acetate), umax 3400-3200 br (NH) cm-1, 6H (CDC13) 
7.63-7.50 (4H, m, ArH), 7.31-7.17 (6H, m, ArH), 3.88 (3H, 
s, CH 3 ), 3.83 (3H, s, CH 3 ) and 3.40 (2H, brs, NH 2 ) 
(exch.). 
Found: C, 70.0; H, 5.8; N, 14.1%; m/z (Elms), 372.1597 (Mt) 
C 22 H 20 N 40 2 requires: C, 71.0; H, 5.4; N, 15.1%; M, 372.1586 
Evaporation of the ethereal mother-liquor gave only an 
intractable gum which yielded no other identifiable 
material. Further work up of the aqueous alkaline mother-
liquor gave no other characterisable material. 
Ethyl 1.2. 3-Triazolof 1.5-f lithenanthridine-3-carboxvlate 
(461) 
(i) 	A 	stirred 	solution 	of 	the 	aminotriazole 
derivative (460) (0.92 g; 0.003 mol) in 2M aqueous 
sulphuric acid (6.0 cm 3 ) and glacial acetic acid 
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(15.0 cm 3 ) was cooled to 0 0 (ice-salt bath) then treated 
dropwise at 0-5 0 with a solution of sodium nitrite 
(0.23 g; 0.0033 mol) in water (0.9 cm 3 ) and the mixture 
was stirred in the melting ice bath for 2h. 
The 	resulting 	mixture 	was 	concentrated 	to 
approximately one third of the original volume then 
treated with water (5.0 cm 3 ) and extracted with methylene 
chloride. The extract was washed twice with 10% w/v 
aqueous sodium hydrogen carbonate (2 x 5.0 cm 3 ) and once 
with water (5.0 cm 3 ), then evaporated to give a semi-solid 
which was washed with ether to afford ethyl 1,2,3-
triazolo[1,5-f]phenanthridine-3-carboxylate (461) (0.43 g; 
49%) which formed colourless needles m.p. 179-180 0 (from 
ethanol), umax  1710 (CO) cm-1, 6H  (CDC1 3 ) 8.85-8.73 (lH, 
in, ArH), 8.42-8.26 (2H, in, ArH), 7.77-7.51 (511, in, ArH), 
4.56 (211, q, J7Hz, CH 2 ) and 1.53 (3H, t, J7Hz, CH 0' 
Found: C, 69.8; H, 4.9;, N, 14.0%; m/z (Elms), 
291.1008 (M). 
C 12H, 3N 30 2 requires: C, 70.1; H, 4.5; N, 14.4%; M, 291.1008 
Evaporation of the ethereal mother-liquor gave an oil 
(0.45 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded a 
further crop of the triazolophenanthridine derivative 
(461) (0.12 g; 14%) m.p. 179-180 0 , identical (m.p. and 
i.r. spectrum) to an authentic sample obtained before. 
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Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave only a series of intractable gums 
(total 0.36 g) which yielded no other identifiable 
product. 
(ii) 	A 	stirred solution 	of 	the 	aminotriazole 
derivative (460) (1.5 g; 0.005 mol) in glacial acetic acid 
(12.5 cm 3 ) was treated dropwise at <300 (water bath) with 
concentrated sulphuric acid (4.0 cm 3 ) then cooled to 0 0 
(ice-salt bath). A solution of sodium nitrite (0.41 g; 
0.006 mol) in water (1.2 cm 3 ) was added dropwise, with 
stirring, at 0-5 0 and the mixture was stirred in the 
melting ice bath for 2h. 
The resulting solution was diluted with water 
(12.5 cm 3 ) then concentrated to approximately one half of 
its original volume and extracted with methylene chloride. 
The extract was washed twice with 10% w/v aqueous sodium 
hydrogen carbonate (2 x 10.0 cm 3 ) and once with water 
(5.0 cm 3 ) then evaporated to give a gum. This was 
triturated with a 2:1 mixture of ether and light petroleum 
to afford ethyl 1,2, 3-triazolo[1,5-f]phenanthridine-3-
carboxylate (461) (1.0 g; 65%) m.p. 176-178 0 , identical 
(m.p. and i.r. spectrum) to an authentic sample prepared 
in (i) before. 
Evaporation of the ethereal mother-liquor gave a gum 
(0.53 g) whose t.l.c. in ethyl acetate over silica showed 
it to be an unresolvable multi-component mixture which 
therefore was not further investigated. 
3-Phenyl-1,2,3-triazololl.5-flphenanthridjne (468a) 
(i) 	A stirred solution of 	the aminotriazole 
derivative (467a) (2.5 g; 0.008 mol) in 2M aqueous 
sulphuric acid (16.0 cm 3 ) and glacial acetic acid 
(40.0 cm 3 ) was cooled to 0 0 (ice-salt bath) then treated 
dropwise at 0-5 0 with a solution of sodium nitrite 
(0.62 g; 0.008 mol) in water (2.0 cm 3 ) and the mixture was 
stirred in the melting ice bath for 2h. 
The 	resulting 	solution 	was 	concentrated 	to 
approximately one third of the original volume then 
treated with water (5.0 cm 3 ) and extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 15.0 cm 3 ) and once 
with water (10.0 cm 3 ) then evaporated to give a gum. This 
was triturated with ether to afford 3-phenyl-1,2,3-
triazolo[1,5-f]phenanthridine (468a) (0.42 g; 18%) as a 
colourless solid m.p. 201-203 0 (from toluene), 6H  (CDC13) 
8.83-7.18 (13H, m, ArH). 
Found: C, 80.7; H, 4.4; N, 14.0; m/z (Elms), 295.1109 (M). 
C 20 11 13 N 3 requires: C, 81.5; H, 4.4; N, 14.2%; N, 295.1109. 
Evaporation of the ethereal mother-liquor gave a gum 
(2.0 g) which was flash-chromatographed over silica. 
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Elution with hexane-ethyl acetate (8:2) gave a further 
crop of the triazolophenanthridine (468a) (0.30 g; 13%) 
in.p. 190-193 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample obtained before. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of gums (total 1.7 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
(ii) 	A stirred solution of the aminotriazole (467a) 
(2.5 g; 0.008 mol) in glacial acetic acid (20.0 cm 3 ) was 
treated dropwise at <30 0 (water bath) with concentrated 
sulphuric acid (6.4 cm 3 ) then cooled to 0 0 (ice-salt 
bath). A solution of sodium nitrite (0.62 g; 0.009 mol) 
in water (2.0 cm 3 ) was added dropwise, with stirring at 
0-5 0 and the mixture was stirred in the melting ice bath 
for 2h. 
The mixture was diluted with water (20.0 cm 3 ) then 
concentrated to approximately one half of the original 
volume and extracted with methylene chloride. The extract 
was washed three times with 10% w/v aqueous sodium 
hydrogen carbonate (3 x 15.0 cm 3 ) and once with 
water (15.0 cm 3 ) then evaporated to give a semi-solid 
which was washed with ether to afford 3-phenyl-1,2,3-
triazolo[1,5-f]phenanthridine (468a) (1.8 g; 78%) m.p. 
199-201 0 , identical (m.p. and i.r. spectrum) to an 
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authentic sample prepared in (i) before. 
Evaporation of the ethereal mother-liquor gave an 
intractable gum (0.61 g) which yielded no other 
identifiable product. 
3-(4-Methoxvhenyl)-1.2 , 3-triazolo[1. 5-f iphenanthridine 
(468b) 
A stirred solution of the aminotriazole derivative 
(467b) (2.1 g; 0.006 mol) in glacial acetic acid 
(15.0 cm 3 ) was treated dropwise at <30 0 (water bath) with 
concentrated sulphuric acid (4.8 cm 3 ) then cooled to 0 0 
(ice-salt bath). A solution of sodium nitrite (0.48 g; 
0.007 mol) in water (2.0 cm 3 ) was added dropwise, with 
stirring, at 0-5 0 and the mixture was stirred in the 
melting ice bath for 2h. 
The resulting solution was diluted with water 
(15.0 cm 3 ) then concentrated to approximately one half of 
the original volume and extracted with methylene chloride. 
The extract was washed three times with 10% w/v aqueous 
sodium hydrogen carbonate (3 x 5.0 cm 3 ) and once with 
water (5.0 cm 3 ) then evaporated to give a semi-solid which 
was washed with ether to afford 3-(4-methoxyphenyl)-1,2,3-
triazolo(1,5-f]phenanthridine (468b) (0.94 g; 48%) which 
formed flesh coloured plates m.p. 236-238 0 (from toluene), 
6H (CDC1 3 ) 8.79-8.67 (3H, m, ArH), 8.01-7.61 (7H, m, ArH), 
7.23-7.12 (2H, in, ArH) and 3.89 (3H, s, CH 0' 
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Found: 	C, 77.3; H, 4.6; N, 12.9%; m/z (Elms), 325 (Mt). 
C 21 H 15 N 30 requires: 	C, 77.5; H, 4.6; N, 12.9%; M, 325. 
Evaporation of the ethereal mother-liquor gave an 
intractable gum (1.0 g) which yielded no other 
identifiable product. 
:3- (Biphenyl-2--yl) -7 8-diinethoxy-3H-1. 2, 3-triazolo 
14,5-cicinnoline (469) 
A stirred solution of the aminotriazole (467c) (1.9 g; 
0.005 mol) in glacial acetic acid (12.5 cm 3 ) was treated 
dropwise at <30°C (water bath) with concentrated sulphuric 
acid (4.0 cm 3 ) then cooled to 0 0 (ice-salt bath). A 
solution of sodium nitrite (0.41 g; 0.006 mol) in water 
(1.2 cm 3 ) was added dropwise, with stirring, at 0-5 0 and 
the mixture was stirred in the melting ice bath for 2h. 
The resulting mixture was diluted with water 
(12.5 cm 3 ) then concentrated to approximately one half of 
its original volume and extracted with methylene chloride. 
The extract was washed three times with 10% w/v aqueous 
sodium hydrogen carbonate (3 x 5.0 cm 3 ) and once with 
water (5.0 cm 3 ) then evaporated to give a solid (1.7 g) 
which was flash-chromatographed over silica. 
Elution 	with 	hexane-ethyl 	acetate 	(1:1) 
afforded 3-(biphenyl-2-yl)-7,8-dimethoxy-3H-1,2, 3-
triazolo[4,5-c]cinnoline (469) 	(1.5 g; 84%) as a 
colourless solid M.P. 	233-235 0 	(from toluene-light 
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petroleum), 6H  (CDC1 3 ) 7.98 (1H, s, ArH), 7.88 (1H, s, 
ArH), 7.79-7.60 (4H, m, ArH), 7.13-7.01 (5H, m, ArH), 4.15 
(3H, s, CH 3 )and 4.09 (3H, s, CH 0' 
Found: C, 68.9; H, 4.4; N, 18.2%; m/z (FAB ins), 384 
(M+H) ± 
C 22H 1?N 50 2 requires: C, 68.9; H, 4.4; N, 18.3%;, M, 383. 
Elution with hexane-ethyl acetate (4:6) through ethyl 
acetate to methanol gave a series of intractable gums and 
semi-solids (total 0.12 g) which yielded no other 
identifiable material. 
12, 3-Triazololl,5-fthhenanthridine-3-carboxyljc acid 
(462) 
A stirred solution of the triazolophenanthridine 
derivative (461) (11.6 g; 0.04 mol) in ethanol (400 cm 3 ) 
was heated to reflux then treated with 2M aqueous sodium 
hydroxide (50.0 cm 3 ) and the mixture was heated under 
reflux for lh. 
The resulting solution was evaporated and the residue 
was acidified with 2M aqueous hydrochloric acid 
(55.0 cm 3 ). The mixture was filtered and the 
insoluble 	solid was 	collected to 	afford 	1,2,3- 
triazolo[1,5-f]phenanthridine-3-carboxyljc 	acid 	(462) 
(10.2 g; 97%) as a pink coloured powder m.p. 176-1780 
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(from acetic acid-dimethylformamide), umax  3500-2500 br 
(OH) and 1675 (CO) C 1 . ô [(CD 3 ) 2S0] 9.46-9.34 (1H, in, 
ArH), 8.63-8.39 (3H, in, ArH) and 7.86-7.52 (4H, in, ArH). 
Found: 	in/z (FAB ms), 264.0773 (M+H). 
C 15 H 9 N 30 2 requires: 	(M+H), 264.0773. 
1,2,3-Triazolofl,5-flphenanthridine (463) 
A stirred solution of the carboxylic acid (462) (0.26 
g; 0.001 mol) in anhydrous dimethylformamide (5.0 cm 3 ) was 
heated under reflux for lh. 
The resulting solution was evaporated to afford the 
known 28 1,2, 3-triazolo[1,5-f]phenanthridine (463) (0.22 g; 
100%) which formed colourless needles m.p. 183-184 0 (from 
ethanol) (lit.,2 8 1791800), oH (CDC1 3 ) 8.82-8.70 (iN, in, 
ArH), 8.84-8.29 (3H, m, ArH and vinylic CH), 8.18-8.00 
(1H, in, ArH) and 7.80-7.23 (4H, m, ArH). 
Found: C, 76.0; H, 4.2; N, 19.0%; m/z (Elms), 219.0793 (M+) 
Calcd. for C 14H 9 N 3 : C, 76.7; H, 4.1; N, 19.2%; N, 219.0796. 
6-Acetoxymethylphenanthridine (464a) 
(i) 	A stirred solution of the triazolophenanthridine 
(463) (1.1 g; 0.005 mol) in glacial acetic acid (25.0 cm 3 ) 
was heated under reflux for 24h. 
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The resulting solution was evaporated to give a gum 
(1.3 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afforded 
6-acetoxymethyiphenanthridine (464a) (1.1 g; 85%) which 
formed colourless needles m.p. 82-83 0 (from toluene-light 
petroleum), "max  1730 (CO) cm-1, 6H  (CDC1 3 ) 8.74-8.72 (lH, 
in, ArH), 8.61-8.17 (2H, in, ArH), 7.92-7.85 (lH, in, ArH), 
7.79-7.67 (3H, in, ArH), 7.79 (2H, s, CH.) and 2.20 (3H, s, 
CH 3). 
Found: C, 	76.4; H, 5.3; 	N, 5.6%; m/z (Elms), 251 	(Mt). 
C 16H 13N0 requires: C, 76.5; H, 	5.2; N, 5.6%; 	M, 251. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave only a series of intractable gums 
(total 0.2 g) which yielded no other identifiable product. 
(ii) 	A stirred suspension of the carboxylic acid (462) 
(0.52 g; 0.002 inol) in glacial acetic acid (20.0 cm 3 ) was 
heated under reflux for 24h. 
The resulting solution was evaporated to give a gum 
(0.53 g) which was flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) afforded 
6-acetoxymethyiphenanthridine (464a) (0.37 g; 74%) m.p. 
82-83 0 , identical (m.p. and i.r. spectrum) to an authentic 
sample prepared in (i) before. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
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acetate to methanol gave only a series of intractable gums 
(total 0.18 g) which yielded no other identifiable 
product. 
The Attempted Hydrolysis of 6-Acetoxvmethylhenanthridine 
(464a) with 70% v/v Aqueous Acetic Acid 
A stirred solution of the phenanthridine derivative 
(464a) (0.25 g; 0.001 mol) in 70% v/v aqueous acetic acid 
(5.0 cm 3 ) was heated under reflux for 27h. 
The resulting solution was evaporated to give an 
intractable gum (0.23 g) which yielded no identifiable 
material. 
The Attempted Reaction of 1,2,3-Triazolo[l,5-fl 
phenanthridine (463) with 70% v/v Aqueous Acetic Acid 
A stirred solution of the triazolophenanthridine (463) 
(0.44 g; 0.002 mol) in 70% v/v aqueous acetic acid 
(10.0 cm 3 ) was heated under reflux for 24h. 
The resulting solution was evaporated to give an 
intractable gum (0.52 g) which yielded no identifiable 
material. 
The Attempted Reaction of 1123-Triazolo[15-fl 
phenanthridine (463) with 20% v/v Aeous Sulphuric Acid 
(1) 	A 	stirred 	suspension 	of 	the 
triazolophenanthridine (463) (0.44 g; 0.002 mol) in 20% 
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v/v aqueous sulphuric acid (5.0 cm 3 ) was heated at 1000 
for lh. 
The resulting suspension was neutralised with 10M 
aqueous sodium hydroxide and the insoluble solid was 
collected to afford the unreacted starting material (463) 
(0.37 g; 84%) m.p. 185-187 0 , identical (m.p. and i.r. 
spectrum) to an authentic sample. 
(ii) 	A stirred solution of the triazolophenanthridine 
(463) (0.44 g; 0.002 mol) in glacial acetic acid (5.0 cm 3 ) 
was treated with 2M aqueous sulphuric acid (5.0 cm 3 ) and 
the mixture was heated under reflux for 24h. 
The resulting solution was neutralised with lOM 
aqueous sodium hydroxide then extracted with methylene 
chloride to give an intractable gum (0.38 g) which yielded 
no identifiable material. 
The Attempted Reaction of 12.3-Triazololl5-fl 
phenanthridine (463) with Acetyl Chloride in the Presence 
of Glacial Acetic Acid 
A stirred solution of the triazolophenanthridine (463) 
(0.44 g; 0.002 mol) in glacial acetic acid (5.0 cm 3 ) and 
acetyl chloride (7.5 cm 3 ) was heated under reflux for 24h. 
The resulting solution was evaporated to give an 




A stirred solution of the triazolophenanthridine (463) 
(1.1 g; 0.005 mol) in glacial acetic acid (25.0 cm 3 ) was 
treated with concentrated hydrochloric acid (2.5 cm 3 ) and 
the mixture was heated under reflux for 3h. 
The resulting solution was evaporated and the residue 
was treated with water (6.5 cm 3 ) then extracted with 
methylene chloride to give a gum which was combined with a 
second gum obtained by basification of the aqueous mother-
liquor and extraction with methylene chloride. The total 
(1.2 g) was then flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (9:1) afforded the 
known 1 6-chioromethyiphenanthridine (464b) (0.59 g; 52%) 
as a colourless solid in.p. 131-132 0 (from toluene), 6H 
(CDC1 3 ) 8.66-7.55 (8H, m, ArH) and 5.18 (2H, s, CH 2 ). 
Found: 	C, 73.7; H, 4.4; N, 6.4%; m/z (Elms), 227 and 229 
(Mt). 
Caic. for C 14H 10 C1N: C, 74.0; H, 4.4; N, 6.2%; M, 227.5. 
Elution with hexane-ethyl acetate (8:2) gave the 
unreacted starting material (463) 	(0.23 	g; 	22%) 	m.p. 
166-168 0 , identical (m.p. and 	i.r. 	spectrum) 	to 	an 
authentic sample. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave only a series of intractable gums 




A stirred solution of the triazolophenanthridine (463) 
(0.44 g; 0.002 inol) in glacial acetic acid (10.0 cm 3 ) was 
treated with concentrated hydrobromic acid (1.0 cm 3 ) and 
the mixture was heated under reflux for 3h. 
The resulting solution was evaporated and the residue 
was treated with 10% w/v aqueous sodium hydrogen carbonate 
(5.0 cm 3 ) then extracted with methylene chloride to give a 
solid (0.45 g) which was flash-chromatographed over 
silica. 
Elution with hexane-ethyl acetate (9:1) afforded 
6-bromomethyiphenanthridine (464c) (0.38 g; 69%) as a 
colourless solid m.p. 145-146° (from toluene-light 
petroleum), 6H  (CDC1 3 ) 8.69-7.55 (8H, m, ArH) and 5.07 
(2H, s, CH 2)' 
Found: C, 61.5; H, 3.6; N, 4.9%; in/z (Elms), 271 and 273 
(Mt). 
C 14H 10 BrN requires: C,_61.8; H, 3.7; N, 5.1%; N, 272. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave no other material. 
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The Attempted Reaction of 1.2.3-Triazololl5--f] 
phenanthridine (463) with Ethanol in the Presence of 70% 
w/v Aaueous Perchioric Acid 
A stirred suspension of the triazolophenanthridine 
(463) (0.44 g; 0.002 mol) in ethanol (20.0 cm 3 ) was 
treated with 70% w/v aqueous perchioric acid (0.5 cm 3 ) and 
the mixture was heated under reflux for 24h. 
The resulting solution was neutralised with 10% w/v 
aqueous sodium hydrogen carbonate (10.0 cm 3 ) then 
extracted with methylene chloride to give an intractable 
gum (0.51 g) which yielded no identifiable material. 
6-Methylphenanthridine (464d) 
(i) 	A stirred solution of the triazolophenanthridine 
(463) (0.44 g; 0.002 mol) in glacial acetic acid 
(10.0 cm 3 ) was heated under reflux for 24h then treated 
with sodium dithionite (0.50 g) and heated under reflux 
for lh. The stirred mixture was then treated with a 
second portion of sodium dithionite (0.50 g) and heated 
under reflux for a further lh. 
The resulting mixture was evaporated and the residue 
was treated with water (5.0 cm 3 ) then extracted with 
methylene chloride to give a gum (0.50 g) which was f lash-
chromatographed over silica. 
Elution with hexane-ethyl acetate (9.5:0.5) afforded 
the known 134 6-methyiphenanthridine (464c) (0.22 g; 57%) 
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as a colourless solid rn.p.- 73-75° (from toluene) (lit., 1 3 4 
85 0 ), oH (CDC1 3 ) 8.61-8.57 (lH, in, ArH), 8.54-8.46 (1H, in, 
ArH)., 8.19-7.56 (6H, in, ArH) and 3.01 (3H, s, CH 0' 
Found: C, 	86.7; H, 	5.7; 	N, 7.1%; m/z (Elms), 193 	(M). 
Caic. for C 14H 11 N: C, 	87.0; H, 	5.7; 	N, 7.2%; M, 	193. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave a series of gums (total 0.31 g) 
whose t.l.c. in ethyl acetate over silica showed them to 
be unresolvable multi-component mixtures which therefore 
were not further investigated. 
A 	stirred 	solution 	of 	6-acetoxymethyl 
phenanthridine (464a) (0.25 g; 0.001 mol) in glacial 
acetic acid (2.5 cm 3 ) was treated with sodium dithionite 
(0.25 g) and the mixture was heated under reflux for lh. 
A second portion of sodium dithionite (0.25 g) was then 
added and heating was continued for a further lh. 
The resulting mixture was evaporated and the residue 
was treated with water (5.0 cm 3 ) then extracted with 
methylene chloride to give a gum (0.27 g) which was flash-
chromatographed over silica. 
Elution with light petroleum-ether (9:1) afforded 
6-inethyiphenanthridine (464c) (0.15 g; 78%) m.p. 69-71 0 , 
identical (m.p. and i.r. spectrum) to an authentic sample 
prepared in (i) before. 
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Elution with light petroleum-ether (8:2) through ether 
to methanol gave a series of intractable gums (total 
0.10 g) which yielded no other identifiable product. 
(iii) 	A stirred suspension of the carboxylic acid (462) 
(0.52 g; 0.002 mol) in glacial acetic acid (20.0 cm 3 ) was 
heated under reflux for 24h then treated with sodium 
dithionite (0.50 g) and heated under reflux for lh. The 
stirred mixture was then treated with a second portion of 
sodium dithionite (0.50 g) and heated under reflux for a 
further lh. 
The resulting suspension was evaporated and the 
residue was treated with water (10.0 cm 3 ) then extracted 
with methylene chloride to give a gum (0.45 g) which was 
flash-chromatographed over silica. 
Elution with hexane-ether (8:2) afforded 6-methyl 
phenanthridine (464c) (0.14 g; 36%) m.p. 73_750, identical 
(m.p. and i.r. spectrum) to an authentic sample prepared 
in (i) before. 
Elution with hexane-ether (7:3) through ether to ethyl 
acetate gave a series of intractable gums (total 0.30 g) 
which yielded no other identifiable product. 
The Attempted Reaction of 12,3-Trjazololl.5-fl 
phenanthridine (463) with Chromium Trioxide in the 
Presence of 70% v/v Aqueous Acetic Acid 
A stirred solution of the triazolophenanthridine (463) 
480 
(0.44 g; 0.002 mol) in 70% v/v aqueous acetic acid 
(10.0 cm 3 ) was heated under reflux for 24h then treated 
with chromium trioxide (1.0 g; 0.01 mol) and heated at 
100 0 for 0.5h. 
The resulting mixture was evaporated and the residue 
was treated with water (10.0 cui 3 ) and methylene chloride 
then filtered to remove some insoluble inorganic material. 
The two phase mother-liquor was separated and the aqueous 
phase was further extracted with methylene chloride. 
Evaporation of the combined extracts gave an intractable 
solid (0.21 g) which defied characterisation and therefore 
was not further investigated. 
Ethyl 1,2. 3-Triazolof 1, 5-f lphenanthridine-3-carboxylate 
(461) 
A stirred suspension of the carboxylic acid (462) 
(0.53 g; 0.002 mol) in ethanol (10.0 cm 3 ) was treated with 
70% w/v aqueous perchioric acid (0.5 cm 3 ) and the mixture 
was heated under reflux for 24h. 
The resulting suspension was neutralised with 8% w/v 
aqueous sodium hydrogen carbonate (12.0 cm 3 ) then 
extracted with methylene chloride to afford ethyl 1,2,3-
triazolo[1,5-f]phenanthridine-3 -carboxyl ate (461) (0.57 g; 
100%) m.p. 177-179 0 , identical (m.p. and i.r. spectra) to 
an authentic sample prepared before. 
481 
The Attempted Reaction of 3-Phenyl-12.3-triazololl5-fl 
phenanthridine (468a) with Glacial Acetic Acid 
A stirred suspension of the triazolophenanthridine 
(468a) (0.59 g; 0.002 mci) in glacial acetic acid 
(20.0 cm 3 ) was heated under reflux for 24h. 
The resulting solution was evaporated to afford the 
unreacted starting material (468a) (0.59 g; 100%) m.p. 
201-203°, identical (m.p. and i.r. spectrum) to an 
authentic sample. 
The Attempted Reaction of 3-Phenyl-1, 2, 3-triazolof 1.5-fl 
phenanthridine (468a) with Acetyl Chloride in the Presence 
of Glacial Acetic Acid 
A stirred suspension of the triazolophenanthridine 
(468a) (0.59 g; 0.002 inol) in glacial acetic acid (5.0 
cm 3 ) and acetyl chloride (7.5 cm 3 ) was heated under reflux 
for 24h. 
The resulting solution was evaporated to afford the 
unreacted starting material (468a) (0.58 g; 99%) m.p. 
201-202°, identical (m.p. and i.r. spectrum) to an 
authentic sample. - 
The Attempted Reaction of 3-Phenyl-1 .2. 3-triazolo 11.5-f 
phenanthridine (468a) with Ethanol in the Presence of 70% 
w/v Aqueous Perchioric Acid 
A stirred suspension of the triazolophenanthridine 
(468a) (0.59 g; 0.002 mci) in ethanol (10.0 cm 3 ) was 
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treated with 70% w/v aqueous perchioric acid (0.5 cm 3 ) and 
the mixture was heated under ref lux for 24h. 
The resulting suspension was neutralised with 8% w/v 
aqueous sodium hydrogen carbonate (12.0 cm 3 ) then 
extracted with methylene chloride to give the unreacted 
starting material (468a) (0.59 g; 100%) m.p. 199_2010, 
identical (m.p. and i.r. spectrum) to an authentic sample. 
The Attempted Reaction of 3- (4-Methoxyphenyl) -1,2 • 3-
triazoloFi, 5-f iphenanthridine (468b) with Acetyl Chloride 
in the Presence of Glacial Acetic Acid 
A stirred solution of the triazolophenanthridine 
(468b) 	(0.33 g; 0.001 mol) in glacial acetic acid 
(7.5 cm 3 ) was heated under reflux for 24h. 
The resulting solution was evaporated to afford the 
unreacted starting material (468b) (0.33 g; 100%) m.p. 
222-224 0 , identical (m.p. and i.r. spectrum) to an 
authentic sample. 
1-Az idonaphthalene (473) 
A stirred suspension of l-aminonaphthalene (14.3 g; 
0.1 mol) in concentrated sulphuric acid (18.0 cm 3 ) and 
water (105 cm 3 ) was cooled to 0 0 (ice-salt bath) then 
treated dropwise at 0-5 0 with a solution of sodium nitrite 
(7.6 g; 0.11 mol) in water (50.0 cm 3 ). The diazonium 
solution was stirred at <5 0 for 0.5h then treated dropwise 
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at 0-5 0 with a solution of sodium azide (9.8 g; 0.15 mol) 
in water (50.0 cm 3 ) and the mixture was stirred in the 
melting ice bath for 0.5h. 
The resulting suspension was treated with ether 
(300 cm 3 ) then filtered to remove some insoluble inorganic 
material. The two phase filtrate was separated and the 
aqueous mother-liquor was further extracted with ether. 
Evaporation of the combined ethereal extracts gave the 
known 135 1-azidonaphthalene (473) (13.0 g; 77%) as a 
purple gum, umax  2100 (N 3 ) cm', which was used without 
further purification. 
Ethyl 5-Amino-l-(naphth-1-yl)-1H-1. 2. 3-triazole-4-
carboxviate (474) 
A stirred solution of sodium (2.3 g; 0.1 g.atom) in 
anhydrous ethanol (50.0 cm 3 ) was treated with ethyl 
cyanoacetate (202) (11.3 g; 0.1 mol) followed by 1-azido-
naphthalene (473) (8.5 g; 0.05 mol) and the mixture was 
stirred at room temperature for 2h then heated under 
ref lux for 0.5h. 
The resulting suspension was evaporated and the 
residue was treated with water (50.0 cm 3 ) and methylene 
chloride (200 cm 3 ). The three phase mixture was filtered 
and the insoluble solid was washed with 2M aqueous 
hydrochloric acid then combined with a second crop of 
solid obtained by separation of the two phase filtrate, 
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further extraction of the aqueous mother-liquor with 
methylene chloride, evaporation of the combined methylene 
chloride extracts and washing of the resulting semi-solid 
with ether, to afford ethyl 5-amino-1-(naphth-1-yl)-1H-
1,2,3-triazole-4-carboxylate (474) (13.1 g; 93%) which 
formed colourless needles m.p. 190_1910 (from ethyl 
acetate), "max  3400-3100 br (NH) and 1690 (CO) cm-1, 6H 
[(CD 3 ) 2 S0) 8.25-8.11 (2H, in, ArH), 7.77-7.57 (4H, in, ArH), 
7.30-7.26 (1H, in, ArH), 6.44 (2H, brs, NH 2 ) ( exch.), 4.35 
(2H,d q, J7Hz, eli 2 ) and 1.35 (3H, t, J7Hz, CH 0' 
Found: C, 63.3; H, 4.5; N, 19.5%; in/z (Elms), 282.1117 (M+) 
C 15 H 14 N 4 0 2 requires: C, 63.8; H, 5.0; N, 19.9%; M, 282.1117 
Further work up of the ethereal and alkaline aqueous 
mother-liquors gave no other identifiable product. 
The Attempted Diazotative Cyclisation of Ethyl 5-Amino-i-
(naphth-l-yl)-1H-1,2 . 3-triazole-4--carboxylate (474) 
(1) 	A stirred solution of the aminotriazole (474) 
(2.8 g; 0.01 mol) in 2M aqueous sulphuric acid (20.0 cm 3 ) 
and glacial acetic acid (50.0 cm 3 ) was cooled to 00 
(ice-salt bath) then treated dropwise at 05 0 with a 
solution of sodium nitrite (0.76 g; 0.011 mol) in water 
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(2.5 cm 3 ) and the mixture was stirred in the melting ice 
bath for 2h. 
The mixture was concentrated to approximately one 
third of the original volume then treated with water 
(20.0 cm 3 ) and extracted with methylene chloride. The 
extract was washed three times with 10% w/v aqueous sodium 
hydrogen carbonate (3 x 20.0 cm 3 ) and once with water 
(10.0 cm 3 ) then evaporated to give an intractable gum 
(2.9 g) which yielded no identifiable material. 
(ii) 	A 	stirred 	solution 	of 	the 	aminotriazole 
derivative (474) (5.6 g; 0.002 mol) in glacial acetic acid 
(50.0 cm 3 ) was treated with concentrated sulphuric acid 
(16.0 cm 3 ) then cooled to 00 (ice-salt bath). A solution 
of sodium nitrite (1.5 g; 0.022 inol) in water (2.5 cm 3 ) 
was added dropwise, with stirring, at 0-5 0 and the mixture 
was stirred in the melting ice bath for 2h. 
The mixture was diluted with water (50.0 cm 3 ) and the 
resulting suspension was concentrated to approximately one 
half of the original volume then extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 20.0 cm 3 ) and once 
with water (10.0 cm 3 ) then evaporated to give an 
intractable semi-solid (5.7 g) from which no identifiable 
material could be obtained. 
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1-Nitro-2- (3-methoxvphenoxy) benzene (476) 
A stirred suspension of sodium hydride (5.3 g; 
0.22 mol) in anhydrous dimethylformamide (25.0 cm 3 ) was 
cooled to 100 (ice bath) and treated dropwise with a 
solution of 3-methoxyphenol (24.8 g; 0.2 mol) in anhydrous 
dimethylformamide (25.0 cm 3 ). The mixture was stirred at 
room temperature, with exclusion of atmospheric moisture, 
for 15 min then treated in one portion with a solution of 
1-chloro-2-nitrobenzene (31.6 g; 0.2 mol) in anhydrous 
dimethylformamide (50.0 cm 3 ) and the mixture was heated at 
1000 for lh. 
The mixture was cooled and treated with water 
(20.0 cm 3 ), stirred at room temperature for 15 mm, then 
evaporated to give a gummy residue. This was treated with 
water (200 cm 3 ) and extracted with methylene chloride to 
give a gum which was crystallised from hexane-ether to 
afford the known' 02 1-nitro-2-(3-methoxyphenoxy)benzene 
(476) (29.3 g; 59%) as a light brown coloured solid m.p. 
54 -56 ° (lit.102, 54570). 
1-Amino-2- (3-inethoxvr)henoxv) benzene (477 
A solution of the nitro compound (476) (24.5 g; 
0.1 mol) in ethyl acetate (100 cm 3 ) was hydrogenated over 
10% w/w palladium on charcoal (2.5 g) at room temperature 
and atmospheric pressure for 6h by which time three 
equivalents of hydrogen had been absorbed. 
The mixture was filtered through celite and the 
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filtrate was evaporated to afford the known102 l-amino-2-
(3-methoxyphenoxy)benzene (477) (22.5 g; 100%) as a brown 
Oil, 'max 3480-3100 br (NH 2 )cm'. 
1-Azido-2- (3-methoxvDhenoxy)benzene (478) 
A stirred solution of the amine (477) (21.5 g; 
0.1 mol) in SM aqueous hydrochloric acid (250 cm 3 ) was 
cooled to 00 (ice-salt bath) and treated dropwise at 0-5 0 
with a solution of sodium nitrite (7.6 g; 0.11 rnol) in 
water (50.0 cm 3 ). The resulting diazonium solution was 
stirred at <5 0 for 15 min then treated dropwise at 0-5 0 
with a solution of sodium azide (9.8 g; 0.15 mol) in water 
(50.0 cm 3 ) and the mixture was stirred in the melting ice 
bath for 0.5h. 
The mixture was extracted with ether to afford 
the known' 02 1-azido-2-(3-methoxyphenoxy)benzene (478) 
(20.4 g; 85%) as a brown oil, umax  (2100 (N 3 ) cm -1 , which 
was used without further purification. 
Ethyl 5-Amino-1-12-(3-methoxyihenoxy)phenyll-1H-1.2 .3-
triazole-4-carboxylate (479) 
A stirred solution of sodium (1.8 g; 0.08 g.atom) in 
anhydrous ethanol (40.0 cm 3 ) was treated with ethyl 
cyanoacetate (9.0 g; 0.08 mol) followed by the azide (478) 
(9.6 g; 0.04 inol) and the resulting suspension was stirred 
at room temperature for 2h then heated under reflux for 
0. 5h. 
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The mixture was evaporated and the residue was treated 
with water (40.0 cm 3 ) then extracted with methylene 
chloride to give a gum (14.4 g) which was flash-
chromatographed over silica. 
Elution with hexañe-ethyl acetate (8:2) gave a series 
of intractable gums (total 0.63 g) which yielded no 
characterisable material. 
Further 	elution 	with 	hexane-ethyl 	acetate 
afforded ethyl 5-amino-1-[2-(3-methoxyphenoxy)phenyl]--1H--
l,2,3-triazole-4-carboxylate (479) (9.2 g; 65%) which 
formed colourless needles m.p. 103-105 0 (from toluene), 
vmax 3400-311 br (NH) and 1700 (CO) cm', 6H  (CDC13) 
8.42-8.20 (1H, m, ArH), 7.56-6.45 (7H, m, ArH), 5.35 (2H, 
brs, NH 2 ) ( exch.), 4.39 (2H, q, 37Hz, CH 2 ), 3.75 (3H, s, 
CH 3 ) and 1.34 (3H, t, 37Hz, CH 0' 
Found: C, 60.8; H, 5.1; N, 15.9%; m/z (Elms), 354 (M+). 
C 18 H 18 N 4 0 4 requires: 	C, 61.0; H, 5.1; N, 15.8%; M, 354. 
The Attempted Diazotative Cyclisation of Ethyl 5-Amino-l-
[2- (3-metho2yphenoxy) phenyl 1 -1H-1 • 2 3-triazole-4-
carboxylate (479) 
(i) 	A 	stirred 	solution 	of 	the 	aininotriazole 
derivative (479) (1.1 g; 0.003 mol) in 2M aqueous 
sulphuric acid (6.0 cm 3 ) and glacial acetic acid 
(15.0 cm 3 ) was cooled to 0 0 (ice-salt bath) then treated 
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dropwise at 0-5 0 with a solution of sodium nitrite 
(0.28 g; 0.004 mci) in water (0.8 cm 3 ) and the mixture was 
stirred in the melting ice bath for 2h. 
The mixture was concentrated to approximately one 
third of its original volume then treated with water 
(5.0 cm 3 ) and extracted with methylene chloride. The 
extract was washed three times with 10% w/v aqueous sodium 
hydrogen carbonate (3 x 5.0 cm 3 ) and once with water 
(5.0 cm 3 ) then evaporated to give a gum (1.2 g) which was 
flash-chromatographed over silica. 
Elution with hexane-ethyl acetate (8:2) gave the 
unreacted starting material (479) (0.31 g; 28%) xn.p. 
102-104 0 , identical (m.p. and i..r. spectrum) to an 
authentic sample. 
Elution with hexane-ethyl acetate (7:3) through ethyl 
acetate to methanol gave a series of gums and solids 
(total 0.90 g) whose t.i.c. in ethyl acetate over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
(ii) 	A stirred solution of aminotriazole. (479) (3.2 g; 
0.009 mol) in glacial acetic acid (22.5 cm 3 ) was treated 
dropwise at <30 0 (water bath) with concentrated sulphuric 
acid (7.2 cm 3 ) then cooled to 0 0 (ice-salt bath). A 
solution of sodium nitrite (0.69 g; 0.01 mel) in water 
(2.2 cm 3 ) was added dropwise, with stirring, at 0-5 0 and 
the mixture was stirred in the melting ice bath for 2h. 
490 
The mixture was then diluted with water (22.5 cm 3 ) and 
concentrated to approximately one half of the original 
volume. The resulting tarry mixture was treated with 
methylene chloride and the two phase supernatent liquor 
was decanted from an intractable black tar which was not 
further investigated. The two phase mother-liquor was 
separated and the aqueous layer further extracted with 
methylene chloride. Evaporation of the combined methylene 
chloride extracts gave only an intractable tar (2.1 g) 
which yielded no identifiable product. 
Benzvltrihenvlphoshonium Chloride (482 
A stirred solution of benzyl chloride (12.7 g; 
0.1 mol) and triphenylphosphine (26.2 g; 0.1 mol) in 
anhydrous dimethylformaniide (50.0 cm 3 ) was heated under 
reflux for 3h. 
The resulting suspension was stirred at 00 (ice-salt 
bath) for 0.5h and the insoluble solid was collected then 
washed with a little dimethylformamide to afford the 
known 136 benzyltriphenylphosphoniuiu chloride (482) 
(35.6 g; 92%) as a colourless solid in.p. 334-338 0 
(lit., 1 36 334-336°). 
1-(2-Nitrothenvl)-2-phenvlether (483) 
A stirred solution of 2-nitrobenzaldehyde (481) (7.6 
g; 0.05 mol) and benzyltriphenylphosphonium chloride (482) 
(19.4 g; 0.05 mol) in methanol (75.0 cm 3 ) was treated 
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dropwise at room temperature with a solution of sodium 
(1.2 g; 0.05 g.atom) in methanol (75.0 cm 3 ) and the 
mixture was heated under ref lux for 2h. 
The resulting solution was evaporated to give a gummy 
residue which was treated with water (100 cm 3 ) then 
extracted with methylene chloride to give a gum (26.8 g) 
which was flash-chromatographed over silica. 
Elution with light petroleum afforded the known 136 
1-(2-nitrophenyl)-2-phenylethene (483) (11.1 g; 99%) as a 
yellow solid m.p. 4252 0 (lit., 1 37 49-61 0 ). 
The Attempted Reduction of 1- (2-Nitrophenyl) -2-phenyl-
ethene (483) with Iron in Glacial Acetic Acid 
A stirred solution of the nitro compound (483) (9.0 g; 
0.04 mol) in glacial acetic acid (40.0 cm 3 ) was heated to 
100 0 then treated in portions with iron filings (4.5 g; 
0.08 g.atom) over lh and the mixture was then stirred and 
heated at 1000 for 4h. 
The resulting suspension was filtered to remove some 
insoluble material and the filtrate was evaporated to give 
an intractable gum (6.0 g) which yielded no identifiable 
material. 
1-(2-Aminohenyl) -2-phenylethane (490) 
A stirred solution of the nitro compound (483) (2.3 g; 
0.01 mol) and cobaltous chloride hexahydrate (4.8 g; 
0.02 mol) in methanol (60.0 cm 3 ) was treated with sodium 
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borohydride (3.8 g; 0.1 mol) in small portions at room 
temperature. The mixture was stirred and heated at 400 
for lh then treated with 3M aqueous hydrochloric acid 
(20.0 cm 3 ) and heated under reflux for lh. 
The resulting suspension was evaporated and the 
residue was basified to litmus using concentrated aqueous 
ammonia then treated with ether. The insoluble metal 
salts were removed by filtration and the two-phase 
filtrate was separated. The aqueous layer was further 
extracted with ether and the combined ethereal extracts 
were evaporated to give the known 105 1-(2-aminophenyl)-2-
phenylethane (490) (2.1 g; 90%) as a brown gum, "max 
3400-3300 br (NH) cm-1, bH  (CDC1 3 ) 7.55-6.55 (9H, in, ArH), 
3.50 (2H, brs, NH 2 ), 3.00-2.90 (2H, in, CH 2 )and 2.85-2.75 
(2H, m, CH 2 ). 
Found: 	m/z (Elms), 197.1203 (Mt). 
C 14H 15N requires: M, 197.1204. 
The Attempted Reduction of 1-(2-NitrolDhenvl)-1-Dhenvl 
ethene (483) Usina Stannous Chloride in Glacial Acetic 
Acid 
A stirred solution of the nitro compound (483) 
(0.90 g; 0.004 mol) in glacial acetic acid (2.0 cm 3 ) was 
treated with a suspension of stannous chloride (2.3 g; 
0.012 mol) in glacial acetic acid (6.0 cm 3 ) and the 
mixture was stirred at room temperature for 3h. 
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The mixture was filtered and the insoluble solid was 
treated with 10% w/v aqueous sodium hydroxide (10.0 cm 3 ). 
The mixture was stirred at room temperature for 0.5h then 
extracted with ether to afford the unreacted starting 
material (483) (0.71 g; 79%), identified by comparison 
(i.r. spectrum) with an authentic sample. 
The Reduction of 1- (2-Nitrotthenvl) -2-ithenylethene (483) 
Using 15% w/v Aqueous Titanium Trichioride 
A stirred solution of the nitro compound (483) 
(11.3 g; 0.05 mol) in tetrahydrofuran (1 dm 3 ) was treated 
at room temperature under a nitrogen atmosphere with a 15% 
w/v aqueous titanium trichloride solution (575 cm 3 ; 
0.5 mol) and the mixture was stirred under nitrogen at 
room temperature for 17h. 
The 	resulting 	mixture 	was 	concentrated 	to 
approximately one third of the original volume then made 
alkaline to litmus with 50% w/v aqueous sodium hydroxide. 
The mixture was then diluted with water (250 cm 3 ) and 
extracted with methylene chloride to give a gum (9.4 g) 
which was flash-chromatographed over silica. 
Elution with hexane-ether (9.5:0.5) gave Z-1-(2-nitro 
phenyl)-2-phenylethene (486) (1.1 g; 11%) as a golden oil 
b.p. 220 0/5 mm Hg, t'max  3500-3300 br (NH) cm', 6H  (CDC13) 
7.57-7.07 (8H, m, ArH), 7.00-6.51 (3H, m, ArH and 2 x CH) 
and 4.2 (2H, brs, NH 2 ) ( exch.). 
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Found: C, 	85.3; H, 6.7; 	N, 7.1%; m/z (Elms), 195 	(M+). 
C 14 11 12N requires: C, 86.2; H, 	6.7; N, 7.2%; 	M, 195. 
Further elution with hexane-ether (9.5:0.5) afforded 
the known' 03 E-l-(2-nitrophenyl) -2-phenylethene (484) 
(5.2 g; 53%) as a colourless solid m.p. 102-104 0 (lit., 103  
106°). 
Elution with hexane-ether (9:1) through ether to ethyl 
acetate gave only a series of intractable gums (total 
3.0 g) which yielded no other identifiable material. 
E-1-(2-Azidophenyl) -2-phenylethene (485) 
A stirred suspension of the amine (484) (2.0 g; 
0.01 mol) in a solution of concentrated sulphuric acid 
(1.8 cm 3 ) and water (10.0 cm 3 ) was cooled to 0 0 (ice-salt 
bath) then treated dropwise at 0-5 0 with a solution of 
sodium nitrite (0.76 g; 0.011 mol) in water (5.0 cm 3 ). 
The resulting diazoniurn mixture was stirred at <5 0 for 30 
min then treated dropwise at 0-5 0 with a solution of 
sodium azide (0.98 g; 0.015 mol) in water (5.0 cm 3 ) and 
the suspension was stirred in the melting ice bath for 
0.5h. 
The mixture was extracted with ether to afford the 
known' 03  E-1-(2-azidophenyl)-2-phenylethene (485) (2.0 g; 
90%) as a cream coloured solid m.p. 90-92° (lit.  ,'°3 
94-96°) 
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The Reaction of E-1- (2-Azidolhenyl) -2-phenylethene (485) 
with Ethyl Cvanoacetate in the Presence of Sodium Ethoxide 
A stirred solution of sodium (0.46 g; 0.02 g.atom) in 
anhydrous ethanol (20.0 cm 3 ) was treated with ethyl 
cyanoacetate (2.3 g; 0.02 mol) followed by the azide (485) 
(2.2 g; 0.01 mol) and the mixture was stirred at room 
temperature for 2h then heated under ref lux for 0.5h. 
The resulting solution was evaporated and the residue 
was treated with water (10.0 cm 3 ) and methylene chloride. 
The three phase mixture was filtered and the solid 
obtained was acidified with 2M aqueous hydrochloric acid 
to afford E-1-(4-ethoxycarbonyl)-l1I-1,2,3-(triazol-5-yl)-
aminophenyl-2-phenylethene (488) (0.81 g; 25%) which 
formed colourless needles m.p. 132-134 0 (from toluene), 
"max 3500-3100 br (NH) and 1690 (CO) cm', oH [CD 3 ) 2S0J 
8.62-8.50 (1H, in, ArH), 8.13 (1H, s, CH), 7.69-6.79 (11H, 
in, ArH, CH and NH), 4.20 (211, q, J7Hz, Cl 2 ) and 1.20 (3H, 
t, J7Hz, CH 0' 
Found: 	C, 67.6; H, 5.4; N, 16.8%; in/z (Elms), 334 (Mt). 
C 19 H 18 N 4 0 2 requires: 	C, 68.3; H, 5.4; N, 16.8%; N, 334. 
The two phase mother-liquor was separated and the 
aqueous layer was further extracted with methylene 
chloride. Evaporation of the combined methylene chloride 
extracts gave a gum (3.3 g) which was flash-
chromatographed over silica. 
496 
Elution with hexane-ethyl acetate (9:1) yielded E-1-
(5-ainino-4-ethoxycarbonyl-1U-1, 2, 3-triazol-5-yl)phenyl-2-
phenylethene (487) (1.3 g; 39%) as a colourless powder 
in.p. 127-129 0 (from ethyl acetate), umax  3400-3100 br (NH) 
and 1690 (CO) cm- 1, oH (CDC1 3 ) 7.93-7.18 (9H, rn, ArH), 
7.03 (1H, s, CH), 6.80 (1H, s, CH), 5.03 (2H, brs, NH 2)
(exch.), 4.43 (2H, q, J7Hz, CH 2 ) and 1.43 (3H, t, J7Hz, 
CH 3 ). 
Found: 	C, 68.3; H, 5.5; N, 16.6%; in/z (Elms), 334 (Mt). 
C 19 H 18 N 4 0 2 requires: 	C, 68.3; H, 5.4; N, 16.8%; M, 334. 
Elution with hexane-ethyl acetate (8:2) through ethyl 
acetate to methanol gave only a series of gums and solids 
(total 2.9 g) whose t.l.c. in ethyl acetate over silica 
showed them to be unresolvable multi-component mixtures 
which therefore were not further investigated. 
The Attempted Diazotative Cyclisation of E-1-(5-Amino-4-
ethoxvcarbonyl-lH-1.2. 3-triazol-l-yl) phenyl-2-phenylethene 
(487) 	 - 
(i) 	A 	stirred 	solution 	of 	the 	aminotriazole 
derivative (487) (0.33 g; 0.001 mol) in 2M aqueous 
sulphuric acid (2.0 cm 3 ) and glacial acetic acid (5.0 cm 3 ) 
was cooled to 0 0 (ice-salt bath) then treated dropwise at 
0-5 0 with a solution of sodium nitrite (0.08 g; 0.011 mol) 
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in water (0.25 cia 3 ) and the mixture was stirred in the 
melting ice bath for 2h. 
The 	resulting 	mixture 	was 	concentrated 	to 
approximately one third of the original volume then 
diluted with water (5.0 cm 3 ) and extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 2.5 cm 3 ) and once 
with water (2.5 cm 3 ) then evaporated to give an 
intractable gum (0.40 g) which yielded no identifiable 
material. 
(ii) 	A 	stirred 	solution 	of 	the 	aminotriazole 
derivative (487) (0.66 g; 0.002 mol) in glacial acetic 
acid (5.0 cm 3 ) was treated dropwise at <30 0 (water bath) 
with concentrated sulphuric acid (1.6 cm 3 ) then cooled to 
0 0 (ice-salt bath). A solution of sodium nitrite (0.15 g; 
0.0027 mol) in water (0.25 cm 3 ) was added dropwise at 0-5 0 
and the mixture was stirred in the melting ice bath for 
2h. 
The resulting gummy suspension was concentrated to 
approximately one half of its original volume then diluted 
with water (5.0 cm 3 ) and extracted with methylene 
chloride. The extract was washed three times with 10% w/v 
aqueous sodium hydrogen carbonate (3 x 2.5 cm 3 ) and once 
with water (5.0 cm 3 ) then evaporated to give an 
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